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Aim: To identify the prevalence of musculoskeletal disorders and the role of certain occupational and 
biopsychosocial risk factors in the development of these musculoskeletal disorders in the undergraduate 
Medical Imaging and Radiation Sciences students at the University of Johannesburg. 
Method: This study was a secondary quantitative correlation data analysis of the Medical Imaging and 
Radiation Sciences students data from the unpublished 2019 study on the “Prevalence of 
Musculoskeletal Disorders Among Undergraduate Health Sciences Students at the University of 
Johannesburg: Biomedical Technology, Environmental health, Medical Imaging and Radiation Sciences” 
done by Bensusan, Moodley and Ismail, 2019. 
Results: There was an 89.1% prevalence rate of musculoskeletal disorders in the participants’ lifetime, 
with the greatest number of participants experiencing lower back pain (66.9%) and neck pain (60.3%). 
The prevalence of pain in the 12 months before they completed the questionnaire was 77.8%. The most 
participants had experienced pain in the lower back (53.1%) and neck (43.5%). The risk factors that 
affected the most body areas with musculoskeletal pain were the number of hours spent in practical 
classes and recreational sports. Nine other risk factors were further noted to be statistically significant for 
the development of musculoskeletal pain in Medical Imaging and Radiation undergraduate students. 
Conclusion: There was a high prevalence of musculoskeletal pain in undergraduate students studying 
Medical Imaging and Radiation Sciences and the risk factors pertaining to the pain experienced were 
multifactorial and varied. Lower back pain and neck pain was experienced most often, and hip and thigh 
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1. CHAPTER ONE: INTRODUCTION 
 
1.1. Problem statement 
 
Musculoskeletal disease is highly prevalent the world over, and it accounts for a significant loss of 
working hours and increased incidence of disability. Work-related musculoskeletal disorders (WMSDs) 
are multifactorial conditions that are the result of the interactions between numerous risk factors. These 
result in conditions that differ across assorted occupations. While healthcare occupations are known to 
be at high risk for WMSDs, it is one of the least-studied sectors (Yasobant & Rajkumar, 2014). 
Correspondingly, there is little research on the prevalence of musculoskeletal disorders on the student 
population of these various healthcare professions. In the previous study conducted by Bensusan, 
Moodley and Ismail (2019), it was established that there is indeed an increased prevalence of 
musculoskeletal disorders and further analysis is warranted. 
 
1.2. Aim of the study 
 
The aim of this secondary analysis was to identify the role of certain occupational and biopsychosocial 
factors in the development of musculoskeletal disorders in the undergraduate Medical Imaging and 
Radiations Sciences students at the University of Johannesburg. 
 
1.3. Possible outcomes of the study 
 
The possible outcome of the research would be to identify areas of increased risk of musculoskeletal 
disease for undergraduate students within the Medical Imaging and Radiations Faculty. These findings 
may be pertinent, as they have the potential to inform the university on the ergonomics and standard 
operating procedures required within the faculty. Students should be made aware of the risk factors and 





how to possibly mitigate the risks thereof. This study will also serve to add to the literature on 





























Musculoskeletal disorders are the most widespread and debilitating occupational illness to affect 
healthcare workers (Bakalis, 2019). Contrasting several work-related disorders, musculoskeletal 
disorders are often multifaceted with many risk factors playing a role in the development thereof for 
example physical, psychosocial, organisational or individual factors (Mohammadfam, Kianfar & 
Afsartala, 2010). 
In the primary study, musculoskeletal disorders were described as any discomfort, ache or pain that is 
related to the regions of the body (Dawson, Steele, Hodges & Stewart, 2009; Kuorinka, Jonsson, 
Kilbom, Vinterberg, Biering-Sørensen, Andersson & Jørgensen, 1987). The primary study focused on 
undergraduate students in various departments from the Faculty of Health Sciences with the aim of 
establishing a baseline prevalence, the body regions impacted, and the risk factors associated with 
musculoskeletal disorders (Bensusan, Moodley & Ismail, 2019).  For this secondary analysis, only the 
data procured from the Medical Imaging and Radiation Sciences undergraduate students will be 
analysed. This chapter will discuss relevant literature for the study. 
 
2.2. Musculoskeletal disorders 
 
The term musculoskeletal disorders include a range of inflammatory and degenerative conditions that 
affect the muscles, tendons, ligaments, joints, peripheral nerves and supporting blood vessels, with 
consequent ache, pain, or discomfort (Tinubu, Mbada, Oyeyemi & Fabunmi, 2010). Musculoskeletal 
conditions are the foremost contributor to disability, with lower back pain being the single leading cause 
of disability worldwide. While the prevalence of musculoskeletal conditions does rise with age, younger 






2.3. Work-related musculoskeletal disorders 
 
Musculoskeletal disorders can involve muscles, joints, and tendons in the entire body. Most work-related 
musculoskeletal disorders progress with time. They can be occasional or chronic and can also result 
from injury suffered in a work-related accident. Moreover, they can advance from minor to severe 
disorders (Health and Safety Executive, 2019). Research has shown that one of the major problems in 
the work-place is perceptions of pain and discomfort in various parts of the musculoskeletal system, 
including such symptoms as loss of sensation and fatigue. These musculoskeletal disorders are the 
main cause of absenteeism and can also lead to permanent disabilities in the workforce, loss of working 
time, reduced production, and increased labour costs (Rafeemanesh, Yazdi, Ahmadifar, Bidel & 
Balochkhaneh, 2019). 
In the international literature, the terminology related to work-related musculoskeletal disorders 
(WMSDs) varies. The United States of America uses the term Cumulative Trauma Disorder, and 
Australia uses the designation occupational overuse syndrome or repetitive strain injury. Canada and 
the Netherlands also share the use of repetitive strain injury, while the United Kingdom uses the terms 
work-related neck and upper limb disorders. Some of these descriptions are meant to translate the 
connection between the disorder and the assumed causative source (Nunes & McCauley Bush, 2012). 
Occupational overuse syndrome is a term given to a range of conditions characterized by discomfort or 
persistent pain in muscles, tendons, and other soft tissues (Dhakal & Sharma, 2017).  
Human health and social work activities are rated within the top three highest rates of work related 
musculoskeletal disorders averaged over the three-year period 2016/17-2018/19 in the UK (HSE, 2019). 
Healthcare workers themselves are especially at risk to numerous musculoskeletal symptoms as a 
result of performing high frequency tasks, high-force physical procedures, and frequent uncomfortable 
postures (Rambabu & Suneetha, 2014). This was reiterated in research that found labour-intensive 
handling injuries in healthcare workers are because of both patient positioning and handling, and the 
physical handling of heavy burdens (HSA, 2020). Physical handling is the most reported accident cause 






2.4. Medical imaging and radiation sciences 
 
The department of Medical Imaging and Radiation Sciences offers a four-year bachelor’s degree in the 
following disciplines: Diagnostic Radiography, Diagnostic Ultrasound, Radiation Therapy and Nuclear 
Medicine Technology (UJ, 2020). Tables 2.1 to Table 2.4 below provide the breakdown of the 
curriculums for these disciplines for each year of study (University of Johannesburg, 2020). 
Table 2.1 Bachelor of Diagnostic Radiography Curriculum 
 
First Year Module name 
Anatomy and Physiology 1 
Applied Physics 
Diagnostic Clinical Practice 1 
Diagnostic Practice 1 
Imaging Technology 1 
Professional Practice 
Pathology 
Second Year Module name 
Anatomy and Physiology 2 
Diagnostic Clinical Practice 2 
Diagnostic Practice 2 
Imaging Technology 2 
Professional Practice and Research Principles 
Third Year Module name 
Diagnostic Clinical Practice 3 
Diagnostic Practice 3 
Management Principles and Practice 
Research Methods 
Specialized Diagnostic Practice 3 
Fourth Year Module name 
Diagnostic Clinical Practice 4 
Diagnostic Practice 4 
Radiographic Department Management Strategies 
Research Project 4 
Specialized Diagnostic Practice 4 
Elective modules 
 Education in Health 
OR 





Diagnostic radiography is a branch of health care that uses x-rays to produce images of the human 
body for diagnosis of disease (UJ, 2020). Radiographers use their expertise and knowledge of patient 
care, physics, anatomy, physiology, pathology, and imaging techniques to produce optimal radiographic 
images. A radiographer’s work includes preparing the patients for the radiologic examination, arranging 
them on the examination table, aligning radiographic equipment over the appropriate area of the 
patient’s body, and developing films (Siegal et al., 2010). 
Table 2.2 Bachelor of Radiation Therapy Curriculum 
First year Module name 




Radiation Therapy Clinical 1 
Radiation Therapy Practice 1 
Treatment Planning & Dosimetry 1 
Second year Module name 
Anatomy and Physiology 2 
Professional Practice and Research Principles 
Radiation Therapy Clinical 2 
Radiation Therapy Practice 2 
Treatment Planning & Dosimetry 2 
Third year Module name 
Applied Psychology 
Management Principles and Practice 
Research Methods 
Radiation Therapy Clinical 3 
Radiation Therapy Practice 3 
Treatment Planning & Dosimetry 4 
Fourth Year Module name 
Radiographic Department Management Strategies 
Research Project 4 
Radiation Therapy Clinical 4 
Radiation Therapy Practice 4 
Treatment Planning & Dosimetry 4 
 Elective modules 








Radiation therapy can be used alone or in combination with other modalities such as surgery or 
chemotherapy. The main purpose of radiation therapy is to destroy cancer cells while causing minimal 
damage to normal healthy tissue. The radiation therapist works closely with the oncologist, a medical 
physicist and oncology nurses (UJ, 2020). 
Table 2.3 Bachelor of Diagnostic Ultrasound Curriculum 
First year Module name 
Anatomy and Physiology 1 
Applied Physics 
Imaging Technology 1 
Professional Practice 
Pathology 
Ultrasound Clinical Practice 1 
Ultrasound Practice 1 
Second year Module name 
Anatomy and Physiology 2 
Professional Practice and Research Principles 
Ultrasound Clinical Practice 2 
Ultrasound Physics Instrumentation 
Ultrasound Practice 2 
Third year Module name 
Applied Psychology 
Management Principles and Practice 
Research Methods 
Specialized Ultrasound 
Ultrasound Clinical Practice 3 
Ultrasound Practice 3 
Fourth Year Module name 
Radiographic Department Management Strategies 
Research Project 4 
Specialized Ultrasound 
Ultrasound Clinical Practice 4 
Ultrasound Practice 4 
Elective modules 




Diagnostic ultrasound uses high frequency sound waves to produce images of body structures (UJ, 





Anatomical ultrasound is related to the production of images of internal organs or other bodily structures. 
Functional ultrasound combines data such as the movement and velocity of tissue or blood, softness or 
hardness of tissue, and other physical characteristics, with anatomical images to create “information 
maps”. These images assist doctors to visualise changes or differences in function within a structure or 
organ (National Institute of Biomedical Imaging and Bioengineering, 2020). 
Table 2.4 Bachelor of Nuclear Medicine 
First year Module name 
Anatomy and Physiology 1 
Applied Physics 
Nuclear Medicine Clinical Practice 1 




Second year Module name 
Anatomy and Physiology 2 
Nuclear Medicine Clinical Practice 2 
Nuclear Medicine Instrumentation 
Nuclear Medicine Practice 2 
Professional Practice and Research Principles 
Radiopharmacy 2 
Third year Module name 
Management Principles and Practice 
Nuclear Medicine Clinical Practice 3 




Fourth Year Module name 
Nuclear Medicine Clinical Practice 4 
Nuclear Medicine Practice 4 
Radiographic Department Management Strategies 
Research Project 4 
Radiopharmacy 4 
Elective modules: 








Nuclear medicine is a medical imaging specialty comprising of the use of small amounts of radioactive 
substances (radionuclides) in the diagnosis and treatment of disease. Primarily for nuclear medicine 
imaging studies, the radionuclide is injected into the patient, where it briefly accumulates in the organ 
under investigation. Nuclear medicine technologists arrange examinations, formulate and inject doses 
of radionuclides according to set safety procedures, arrange patients on the imaging table and control 
the gamma camera, which creates images of the substance as it passes through the patient’s body (UJ, 
2020). 
In the primary study, it was shown that 89.1% of Medical Imaging and Radiation Science students 
reported musculoskeletal pain. Clinical radiologists face ergonomic challenges regularly, while reporting 
at terminals or when carrying out diagnostic or interventional procedures. Furthermore, musculoskeletal 
disorders were experienced by 76.6% of the participants over a 12-month period. Of these, 77.8% of 
the participants studied Medical Imaging and Radiation Science (Bensusan et al., 2020). 
 
2.4.1. Work-related musculoskeletal disorders in radiographers 
 
The contemporary conversion of many radiology departments into entirely digital settings requires 
technologists to perform a multiplied number and variety of computer-related tasks. Research has found 
however that usual aspects of technologists’ daily tasks such as patient positioning and the use of 
imaging equipment are identified to contribute more to their symptoms than computer-related activities 
(Siegal et al., 2010). Further research found there was a 50% prevalence of symptoms of 
musculoskeletal disorders among radiographers for at least one anatomical region. The anatomical 
regions that were most affected were found to be the lower back (24%) and neck (18%) (Ribeiro et al., 
2016). 
Radiological technologists are greatly exposed to the risks related to musculoskeletal disorders given 
the type of work they do, such as physically moving adult patients that often weighing more than 60 kg, 
without any generalised mechanical assistance. They are often obligated to use awkward working 
postures (Kim & Roh, 2014). The Society of Interventional Radiology (SIR) has illustrated numerous 





include the weight of radiation protection garments, long hours related to procedures, inconvenient or 
poor posture, and recurring movements, especially over a long career (Dixon et al., 2017).  
All healthcare workers are at risk for musculoskeletal disorders caused by back strain from moving 
patients, and equipment radiographers often experience further neck and shoulder strains and rotator 
cuff tears from reaching overhead to move the x-ray tube (Ehrlich & Coakes, 2020). Repetitive stress 
symptoms are decidedly prevalent among radiology technologists working in a fully digital department 
but are largely perceived to be linked to tasks unrelated to computers. This illustrates that strategies to 
decrease the risk for injury should be focused principally on enhanced ergonomics of patient handling 
and imaging equipment (Siegal et al., 2010). 
 
2.5. Risk factors for musculoskeletal disease development in undergraduates 
 
Risk factors act synergistically on a joint or body region. Therefore, to manage risk factors, it is sensible 
and vital to consider this interaction rather than emphasising a single risk factor (Nunes & McCauley 
Bush, 2012). Non-work-related aspects such as age, gender, habit, and mental status can increase risk 
of some WMSD’s. In comparison, work-related factors such as workload, constant load, recurring 
processes, poor posture, the temperature of the work place, and vibration explain why WRMSDs are 
common among physical labourers (Liu et al., 2015).  
Workplace psychosocial factors such as organisational culture, the health and safety atmosphere and 
human aspects may create the situations for WMSDs to occur. Usually, none of these factors act 
discretely to cause WMSDs (HSE, 2019). Similar to full- and part-time healthcare workers, 
undergraduate healthcare students, both in the academic scenario and in their addition into the 
workplace, are also subjected to physical and mental factors (such as stress) that can trigger the 
incidence of musculoskeletal disorders (Morais et al., 2019).  
Risk factors that were identified in the primary study included sitting time, quality of sitting experience, 
practical time spent in class, repetitive movements in practical classes, practical class ergonomics, 
practical class activities and time spent studying at home. Furthermore computer usage, technological 
device usage, ergonomics of study, time spent working with patients, lifting ergonomics, part-time work, 





2019). Several factors have been identified that have a higher prevalence in the post-graduate 
radiography community and therefore may warrant further discussion at the undergraduate level. 
 
2.5.1. Age and gender 
 
Morais et al. (2019) found that women are up to six times likelier to develop musculoskeletal disorders 
than men. Similarly, in the study done by Rafeemanesh et al. (2019), the incidence of musculoskeletal 
disorders in women was reported to be higher than in men. The small size of the body, the low volume 
of women’s muscles compared to men and the lower physical capacity of women compared to men 
lead to an increase in the incidence of musculoskeletal disorders in women. Hence, women will have 
more workload in carrying out a similar activity to men. Age has been shown to have an impact on the 
development of WMSDs. The age group distribution and work experience in a study done by Yasobant 
& Rajkumar (2014) revealed that the younger age group, younger than 30 years of age, with fewer than 
five years of professional experience, have a greater chance of developing WMSDs. 
 
2.5.2. Year of study 
 
A study on health sciences students at the University of São Paulo found that intermediate and final 
semester students had a higher prevalence of back pain compared to students of initial semesters. This 
may be associated to students’ increased clinical or care activities throughout these later semesters 
(Morais et al., 2019). Medical students of a Malaysian Medical College had a higher prevalence of 
musculoskeletal pain when in their clinical years of study. Twice as many of them reported having pain 
in the last week compared to their peers in earlier years of study (Alshagga et al., 2013). Some 
subjective stress-related aspects of students being in their last semesters may be related to the 
incidence of musculoskeletal pain, for example, feelings of unpreparedness, self-doubt and anxiety of 








Psychosocial stress is defined as a “perception of threat, with resulting discomfort, emotional tension, 
and difficulty in adjustment” (Fink, 2017).  It was found by Malchaire, Cock & Vergracht (2001) that all 
factors related to the biomechanical or psychosocial-organisational aspects showed a much greater 
rate of significant association and restricting musculoskeletal pain and disease to only biomechanical 
relationship was inadequate. It is recognised that stress leads to symptoms in the body, like the 
reactions caused by toxic chemical substances (Da Silva Almeida & De Carvalho Dumith, 2018). 
Although the term musculoskeletal disorders indicates pains or discomfort of the musculoskeletal 
system (Melhorn, 2014), cognitive and psychosocial factors also play a role in musculoskeletal disorders 
and have furthermore been shown to take part in the change from acute to chronic low back pain 
(Buscemi et al., 2017).  
It has also been recognized that some professions are more likely to experience the onset of these 
stress related symptoms (Lindenberg et al., 2010). Psychosocial stress can be triggered by different 
types of stressors, such as adverse life events (for example loss of a job loss or loved one), daily 
stressors (for example financial concerns or home relationships) or work-related stressors (for example 
low decision authority, job dissatisfaction or high job demands) (Buscemi et al., 2017).  
When the perceived stress variable was analysed in a questionnaire-based research study using the 
Nordic Musculoskeletal Questionnaire and the Perceived Stress Scale, it was noted that an increased 
stress score, had a higher incidence of musculoskeletal symptoms. These differences were observed 
for nearly all the anatomical regions analysed (Da Silva Almeida & De Carvalho Dumith, 2018). The 
prevention and management of pain is an important aspect of healthcare. Psychological factors also 
instrumental in both onset and progression of any pain disorder (Kumar & Elavarasi, 2016). 
 
2.5.4. Technology and the use thereof 
 
The use of technology has become a daily occurrence for much of the developed world. It has, however, 
led to an increase in sedentary lifestyle and a host of other musculoskeletal problems. Working with the 





musculoskeletal disorders in various areas of the body (Rafeemanesh et al., 2019). In the workplace, 
there was a statistically significant connection between duration of computer use in years and severity 
of pain. It was also found that there was an association between duration of computer use and problem 
persisting time in years (Amin et al., 2016). WMSD’s impact not only employees in their occupations, 
but also students who unduly use various electronic devices daily for both education and leisure 
purposes (Ellahi et al., 2011).  
Among students, the typical time spent in using personal computers each week more than doubled from 
10.5 h in 2000 to 22.7 h in 2009 (Census and Statistics Department, 2015). Unsuitable chairs or sitting 
inappropriately in front of computer screens can cause muscle stiffness, headache, and backache as 
muscles and tendons become inflamed due to extended sitting (Pandey et al., 2019). In a study to 
assess the prevalence of musculoskeletal disorders among students using laptops and desktop 
computers, 52.8% of people complained about the prevalence of musculoskeletal disorders in different 
areas of the body (Dockrell et al., 2015).   
Another study also found that prolonged continuous use of smart phones was responsible for neck and 
shoulder muscle fatigue and pain (Kim & Koo, 2016). It was furthermore found that longer hours of 
mobile phone use, six or more, increased the prevalence of musculoskeletal pain in students compared 
to their peers that used mobile phones for five hours or less (Morais et al., 2019). 
 
2.5.5. Biomechanics of sitting 
 
Long hours of sitting has become the norm of modern society with many occupations and day-to-day 
activities achieved while sitting. Research shows that adults in industrialised countries spend up to one-
third of the working day deskbound (Clemes et al., 2014). De Carvalo (2015) found that while seated 
the spine has a large amount of flexion even though seated posture does increase focus and conserve 
energy. Prolonged sitting is known to be associated with musculoskeletal discomfort in the lumbar and 
buttock regions (S¢ndergaard et al., 2010). The seated posture is influenced by a few factors, including 
overall workplace design, the type of chair and desk, the visual and physical requirements of the 
professional task, environmental factors such as room temperature and lighting as well as the distinct 





Extended hours sitting at desks, use of nonergonomic chairs, failure to take breaks from sitting and 
sitting in poor positions likely all contribute to lower back pain, neck pain, and repetitive stress injuries 
(Parikh, Bender & Bluth, 2018). Long hours of sitting in non-neutral posture has the potential to cause 
lower back pain through the loading, strain and compression tissues of the lower back and buttocks, 
especially with the effects of viscoelastic creep and stress relaxation (De Carvalho, 2015). This was 
furthermore illustrated by Mohammadfam et al. (2010) that found static and longstanding sitting, 
irrespective of time for rest, can lead to increased muscle tension and fatigue. Students are at a large 
risk, as one of the most common school activities is to remain seated, and this is often associated with 
the carrying of disproportionately heavy school materials (Caromano et al., 2015). 
 
2.5.6. The role of physical activity in musculoskeletal disorders 
 
Physical activity is defined as “any bodily movement produced by skeletal muscles that require energy 
expenditure” (WHO, 2020). Physical activity decreases the risk of heart disease, stroke, hypertension, 
type 2 diabetes, excessive weight gain, falls with injuries among the elderly, and breast and colon cancer 
to mention a few (Physical Activity Guidelines Advisory Committee, 2018). Physical inactivity is 
recognised as the fourth leading risk factor for global mortality (WHO, 2010). Adults aged 18 to 64 years 
should do at least 150 minutes of moderate-intensity aerobic physical activity throughout the week, or 
do at least 75 minutes of vigorous-intensity aerobic physical activity throughout the week, or an 
equivalent combination of moderate- and vigorous-intensity activity. Aerobic activity should be 
performed in bouts of at least 10-minutes (WHO, 2010). 
Higher levels of fatigue and less vigour were reported by inactive university students in comparison to 
their more active peers. These inactive students furthermore reported being adequately active during 
their high school careers and only became inactive with the commencement of university (Bray & Born, 
2004). This was further iterated by Pedišic et al. (2014) who stated a positive association between total 









Ergonomics is the study of the human body in relation to the working environment for the purpose of 
preventing injuries. Ergonomic cognizance and instruction in the workplace have been shown to 
decrease workplace injuries. Work injuries are reduced when suitable equipment is available and is 
used properly, and when workers help one another. Research indicates that ongoing programmes and 
apt responses by employers to the ergonomic concerns of their workers are the right approach (Ehrlich 
& Coakes, 2020). In a field study exploring user comfort scores of ergonomic office chairs, when 
subjects were not educated on the features that would increase comfort, they rated ergonomically 
enhanced chairs lower than chairs with inferior features (Mueller & Hassenzahl, 2010).  
Regarding lower back pain, reducing flexion and increasing movement could be deemed two significant 
possibilities to look into in regards to decreasing pain connected with sitting. Considering the workplace 
as a unit, it is reasonable to split the emphasis between enhancements to seated posture (reducing 
flexion passively by elements of the chair) as well increasing the movement of employees for instance 
walking breaks or passive physical therapies (De Carvalho, 2015). In a three-year crossover study 
conducted by Pillastrini et al. (2010), work postures were improved, and incidence of lower back pain 
was decreased by ergonomic information brochures, personalised ergonomic evaluation and suitable 
changes. 
Anthropometric and biomechanical studies have observed that the type of conventional chairs used in 
schools, by not being adjustable, are inappropriate for the physical type of most of the students who 















This study was a secondary quantitative correlation data analysis of the unpublished 2019 study on the 
“Prevalence of Musculoskeletal Disorders Among Undergraduate Health Sciences Students at the 
University of Johannesburg: Biomedical Technology, Environmental Health, Medical Imaging and 
Radiation Sciences” (Bensusan et al., 2019). The 2019 study was a cross-sectional, quantitative 
exploratory study involving a questionnaire. The study was designed to be representative of these three 
health sciences undergraduate programmes at the University of Johannesburg. The overall sample size 
was 730 students: 160 in Biomedical Technology, 105 in Environmental Health and 465 in Medical 
Imaging and Radiation Sciences. The number of participants that completed the questionnaire in each 
department of the Faculty of Health Sciences were 85 in Biomedical Technology, 77 in Environmental 
Health and 239 in Medical Imaging and Radiation Sciences. This gave a total of 401 students. For this 
secondary analysis, only the data of the Medical Imaging and Radiation department was analysed. 
 
3.2. Source of data 
 
Data was retrieved from STATKON at the University of Johannesburg. The survey was conducted in 
2019 employing a cross-sectional questionnaire captured through paper survey and analysed as part 
of a master’s degree minor dissertation. The questionnaire involved four sections: 1) dealing with 
demographic data, 2) risk factors associated with musculoskeletal disorders, 3) assessment of pain, 
and 4) history and prevalence. 
 
3.2.1. Sample size and description 
 
The data was a representative sample of the Medical Imaging and Radiation Studies student population 





Radiation Sciences was 239. For further analysis, the data of only the Medical Imaging and Radiation 
Sciences participants was extracted, to assess the risk factors involved in the development of specific 
musculoskeletal disorders and what the correlation between each risk factor is with regard to gender 
and academic year. 
 
3.2.1.1. Inclusion criteria 
Participants were included in the study if they were: 
• Between the age of 18 and 40 years old.  
• Registered undergraduate students in the Faculty of Health Sciences at the University of 
Johannesburg in Biomedical Technology, Environmental Health, Medical Imaging and Radiation 
Sciences in 2019 
 
3.2.1.2. Exclusion criteria 
Participants were excluded from the study if they were: 
• Not willing to participate 




The questionnaire was adapted from the Nordic Musculoskeletal Questionnaire (NMQ) and an extended 
version of the Nordic Musculoskeletal Questionnaire (NMQ-E). The adapted questions were centred 
around the students attending the University of Johannesburg in the related undergraduate courses 
(Appendix A). The instrument consisted of binary choices referring to the occurrence of symptoms in 
the last 12 months, in the seven previous days and on the day of, in nine anatomical regions, and the 
report of sick leave from routine activities in the last year (Pinheiro et al., 2002). The Nordic 
questionnaire consisted of three sections. The first part contained demographic information, the second 
part involved identifying nine areas of the body where these disturbances can occur, and the third part 





self-report questionnaire for qualitative evaluation of musculoskeletal disorders in the neck, shoulder, 
back, waist, elbow, wrists and hands, thighs, knees, and feet (Rebelo & Soares, 2014). The adapted 
version administered in the primary study contained four sections. Section A dealt with demographic 
data, section B with risk factors associated with musculoskeletal disorders, section C the assessment 
of musculoskeletal pain and section D the history and prevalence of musculoskeletal disorders 
(Bensusan et al., 2019). 
 
3.2.3. Reliability and validity 
 
A pilot study showed that the Turkish version of the NMQ had good face validity. To assess construct 
validity, 126 participants also completed other questionnaires. Compared to the NMQ, there was no 
other questionnaire that assessed musculoskeletal problems in all of the different parts of the body, 
including the neck, shoulders, elbows, wrists/hands, upper back, lower back, hips/thighs, knees and 
ankles/feet. Reliability is a generic term to indicate both the internal consistency (homogeneity) of a 
questionnaire and the test-retest reliability (reproducibility) (Kahraman et al., 2016). Both were 
determined for the Turkish version of the NMQ, thus illustrating that even translated it maintains a high 
level of reliability and validity. Furthermore, the instrument had high internal reliability, and exploratory 
factor analysis revealed it was a relatively homogenous (unidimensional) measure of musculoskeletal 
symptom severity (Pugh et al., 2015). 
 
3.3. Data analysis 
 
Primary analysis investigated the frequencies of all variables to be measured as a descriptive statistic 
to calculate the counts and percentages. The secondary part of the analysis consisted of a bivariate 
analysis, to establish whether there was a relationship between predictive variables and independent 
variables. Categorical variables were analysed against another categorical variable using a Chi-squared 
test to test the association during the bivariate analysis. Furthermore, a T-test was used to test between 
groups whether there was a difference in the numeric value being tested. The results of the bivariate 





factors were analysed in the third stage of the analysis and modelled together into a multivariate analysis 
using a logistic regression.    
 
3.4. Ethical Considerations 
 
For this study, an ethics waiver was applied for and granted. This study had no participants and made 
use solely of data procured previously and available from the University of Johannesburg. The ethical 
clearance number of the first study is REC-01-17-2019, cleared on the 13th of May 2019 (Appendix B). 
This study will thus include no information letter and consent form. A Turnitin report (Appendix E) was 




















4. CHAPTER FOUR: RESULTS 
 
4.1. Introduction  
 
This chapter presents the results on the inquiry into which demographic factors and risk factors are most 
likely to result in musculoskeletal pain in Medical Imaging and Radiation Sciences undergraduate 
students. 
The participants that completed the questionnaire were all from the Medical Imaging and Radiation 
Sciences department in the Faculty of Health Sciences. The number of completed questionnaires was 
239. The number of valid responses for some questions was less than the overall number of 239. The 
n value was used to show the number of participants who answered the questions. Furthermore, the 
number of completed answers will hereafter be referred to as filled, and non-completed answers will be 
referred to as unfilled. 
This research relied primarily upon the Pearson Chi-Square test. This test notably establishes whether 
there is a relationship between two or more categorical variables, and each of these variables can have 
two or more categories. This test compares the observed frequencies or proportions of cases that occur 
in each of the categories, with the values that would be expected if there was no association between 
the two variables being measured (Pallant, 2016). The Pearson Chi-Square test statistic is used to 
derive a p-value. If the p-value is less than or equal to 0.05, then the test is said to be statistically 
significant. However, if the p-value is greater than 0.05, then the test is said to not be statistically 
significant (Pallant, 2016). Statistical significance will determine for example whether the time the 
participants spent sitting in class made them more prone to having musculoskeletal pain.  
In addition, the demographic data of age, weight and height of participants was tested with the Mann-
Whitney U test and the t-test. The Mann-Whitney U Test is used to test for differences between two 
independent groups on a continuous measure. This test is the non-parametric alternative to the t-test 
for independent samples. Instead of comparing means of the two groups, as is the case in the t-test, 
the Mann-Whitney U Test compares medians. Although both the p-values from the Mann-Whitney U 





Given the likelihood that the demographic data is skewed (not normally distributed), a non-parametric 
test is more suitable (Pallant, 2016). The statistical significance of these tests will determine for example 
whether female students are more prone to musculoskeletal pain than male students in the course.  
 
4.2. Participants’ Year of Study 
 
The table below shows the number of participants for each year per study. 
Table 4.1 Year of study of participants 
Year of Study Response Type Frequency (n) Percentage (%) 
1st  Filled 90 37.7 
2nd  36 15.1 
3rd  50 20.9 
4th  60 25.1 
Total  236 98.7 
Total Unfilled 3 1.3 
Total  239 100 
 
There were 236 participants that indicated their year of academic study. Filled responses were 236 out 
of 239. Of these, 90 (38.1%) participants were in first year, 36 (15.3%) were in second year, 50 (21.2%) 
were in third year and 60 (25.4%) were in fourth year. There were three unfilled responses out of 239 
for this question. 
 










Table 4.2 Gender of participants 
Gender Frequency (n) Percentage (%) 
Female 190 79.5 
Male 49 20.5 
Other 0 0 
Total 239 100.0 
 
All 239 questionnaires were filled in for this question. There were 190 (70.5%) female participants and 
49 (20.5%) male participants.  
 
4.3.2. Age, height, and weight 
 
Table 4.3 below shows the mean, standard deviation, maximum and minimum age, height and weight 
for participants.  
Table 4.3 Demographics of participants 
 
Age at last 
birthday (yrs.) Height (m) Weight (kg) 
Sample size Filled 239 166 196 
Unfilled 0 73 43 
Mean 21.18 1.6278 65.69 
Std. Deviation 2.465 0.12514 15.737 
Minimum 18 1.20 40 
Maximum 32 1.90 135 
 
There were 239 responses for age, which gave an average age of 21.18 years: the minimum age was 





average of 1.62 m with a minimum of 1.20 m and a maximum of 1.90 m. There were 196 filled responses 
for the weight of the participants, with the average weight being 65.69 kg, the minimum weight 40 kg 
and the maximum 135 kg. Please refer to Appendix D for a detailed breakdown of percentages and 
frequencies of age, weight, and height within the participant demographic. 
4.3.3. Marital Status 
 
Table 4.4 below shows the frequency of various marital statuses in the participant group.  
 
Table 4.4 Marital status 
Response Type Marital status Frequency (n) Percentage (%) 
Filled Single (Never 
married) 
229 95.8 
Married 4 1.7 
Other 4 1.7 
Total 237 99.2 
Unfilled Total 2 0.8 
Total 239 100 
 
There were 237 participants that indicated their marital status. Of these 229 (95.8%) participants were 
single (never been married). Four (1.7%) participants were married, and four (1.7%) participants 
indicated ‘other’. 
 
4.3.4. Hand Dominance 
 
Table 4.5 below shows the frequency of right and left-handed dominance in the participant group. 
Table 4.5 Hand dominance 





Filled Right-Handed 215 90.0 
Left-Handed 17 7.1 
Total 232 97.1 
Unfilled Total 7 2.9 
Total 239 100 
 
There were 232 participants that indicated their hand dominance. Of these 215 (90%) participants 
were right-handed, and 17 (7.1%) participants were left-handed. 
 
4.4. Risk Factors of Musculoskeletal Disorders 
 
Tables 4.6 through to 4.22 below detail the frequency of various risk factors that were asked within the 
questionnaire. 
 
4.4.1. Sitting Time 
 
Table 4.6 shows the frequency of various categories of hours, indicated by participants, spent sitting in 
class per week. 
 
Table 4.6 Sitting time in class 
Response type Hours spent sitting Frequency (n) Percentage (%) 
Filled <10 hours 75 31.4 
10-20 hours 96 40.2 
20-30 hours 52 21.8 
>30 hours 10 4.2 
Total 233 97.5 





Total 239 100 
 
There were 233 participants that indicated the time spent sitting per week in class. Of these, 75 (31.4%) 
participants indicated that they spent fewer than 10 hours per week sitting in class, 96 (40.2%) 
participants indicated that they spent 10-20 hours per week sitting in class, 52 (21.8%) indicated they 
spent 20-30 hours per week sitting in class and 10 (4.2%) participants indicated that they spent more 
than 30 hours per week sitting in class. 
 
4.4.2. Quality of sitting posture 
 
Table 4.7 below shows the frequency of responses for the quality of the seated posture during class. 
 
Table 4.7 Quality of sitting posture 
Response type 
Quality of sitting 
posture Frequency (n) Percentage (%) 
Filled Very poor 17 7.1 
Poor 47 19.7 
Average 125 52.3 
Good 42 17.6 
Excellent 5 2.1 
Total 236 98.7 
Unfilled Total 3 1.3 
Total 239 100 
 
There were 236 participants that indicated their seated posture quality in class. Of these, 17 (7.1%) 
participants indicated that their seated posture at university was very poor, 47 (19.7%) participants 
indicated that their seated posture at university was poor, 125 (52.3%) participants indicated that their 





university was good and five (2.1%) participants indicated that their seated posture at university was 
excellent. 
 
4.4.3. Practical time spent in class 
 
Table 4.8 shows the frequency of responses for the number of hours spent in practical classes per 
week.  
Table 4.8 Practical time in class per week 
Response Type 
Hours of practical 
time Frequency (n) Percentage (%) 
Filled 0-5 hours 170 71.1 
6-10 hours 20 8.4 
11-15 hours 5 2.1 
16-20 hours 33 13.8 
Total 228 95.4 
Unfilled Total 11 4.6 
Total  239 100 
 
There were 228 participants that indicated the time spent per week in practical classes. Of these, 170 
(71.1%) participants indicated that they spent less 0-5 hours per week in practical classes, 20 (8.4%) 
participants indicated that they spent 6-10 hours per week in practical classes, five (2.1%) indicated 
they spent 11-15 hours per week in practical classes and 33 (13.8%) participants indicated that they 
spent 16-20 hours per week in practical classes.  
 
4.4.4. Repetitive movements in practical classes 
 






Table 4.9 Repetitive movement in practical classes 
Response type 
Repetitive 
movements Frequency (n) Percentage (%) 
Filled  Not at all repetitive 32 13.4 








Total 228 95.4 
Unfilled Total 11 4.6 
Total  239 100 
 
There were 228 participants that filled the questions on repetitive movements during practical classes. 
Of these, 32 (13.4%) participants rated their movements in class as not repetitive at all. There were 69 
(28.9%) participants that rated the repetitive movements during practical classes as a little repetitive. 
There were 83 (34.7%) participants that rated the repetitive movements during practical classes as 
moderately repetitive. There were 24 (10%) participants that rated the repetitive movements during 
practical classes as highly repetitive and 20 (8.4%) participants that rated the repetitive movements 
during practical classes as very highly repetitive.  
 
4.4.5. Practical class activity posture 
 
Table 4.10 shows the number of participants that indicated their various types of postures assumed in 






Table 4.10 Practical class activity postures 
Response type Activity type Frequency (n) Percentage (%) 
Filled Sit 52 21.8 
Stand 139 58.2 
Walk 26 10.9 
Bend over (a 
patient) 
20 8.4 
Total 237 99.2 
Unfilled Total 2 0.8 
Total  239 100 
 
There were 237 participants that indicated practical class activity type. Of these, 52 (21.8%) participants 
indicated that they sat during practical classes, 139 (58.2%) participants indicated that they stood during 
practical classes, 26 (10.9%) participants indicated that they walked around during practical classes 
and 26 (10.9%) indicated they bent over (a patient) in practical classes. 
 
4.4.6. Practical class activities 
 




















Moving a patient 125 34.9 
Practicing adjustments 52 14.5 
Splinting a patient 8 2.2 
Making remedies 6 1.7 
Moving equipment 109 30.4 
Rescue 3 0.8 
Treating a patient 26 7.3 
If ‘other’ please specify 20 5.6 
Total 358 100 
 
There was a total of 239 questionnaires; however, given that participants were able to select multiple 
relevant answer choices, 358 responses were recorded for this question. There were nine (2.5%) 
participants that indicated that they participated in physics/ chemistry practicals, while 125 (34.9%) 
participants indicated they moved patients in practical classes. There were 52 (14.5%) participants that 
indicated they practiced adjustments in practical classes, and eight (2.2%) participants that indicated 
they splinted patients in practical classes. There were six (1.7%) participants that indicated they made 
remedies in practical classes. There were 109 (30.4%) participants that indicated they moved equipment 
in practical classes. There were 3 (0.8%) participants that indicated they practiced rescue in practical 
classes, 26 (7.3%) participants that indicated treating patients in practical classes and 20 (5.6%) 
participants indicated ‘other’ on the response and were then asked a further question of specifying what 
‘other’ consisted of. Appendix C identifies the ‘other’ practical class activities; of the 20 participants that 
indicated ‘other’ only 17 filled in the follow-up question. There are a few activities where it was assumed 





Radiation Sciences students do not practice adjustments, make remedies or perform rescue 
procedures. The data will however be faithfully recorded and discussed further as it exists hereafter. 
 
4.4.7. Time spent studying at home and doing assignments 
 
Table 4.12 shows the frequency of time spent in hours spent studying at home per week, including 
doing assignments.  
Table 4.12 Hours spent per week studying at home 
Response type Study (hrs) Frequency (n) Percentage (%) 
Filled 0-5 hours 73 30.5 
6-10 hours 99 41.4 
11-15 hours 43 18.0 
16-20 hours 21 8.8 
Total 236 98.7 
Unfilled Total 3 1.3 
Total  239 100 
 
There were 236 participants that indicated the time they spent studying at home per week. Of these, 73 
(30.5%) participants indicated that they spent 0-5 hours studying at home per week. There were 99 
(41.4%) participants that indicated they spent 6-10 hours studying at home per week. There were 43 
(18%) participants that indicated they spent 11-15 hours studying at home per week and 21 (8.8%) that 
indicated they spent 16-20 hours studying at home per week.  
 
4.4.8. Computer usage   
 
Table 4.13 shows the frequency of various time in hours per week participants spent using a 





Table 4.13 Hours per week of computer usage 
Response type 
Computer usage 
(hrs) Frequency (n) Percentage (%) 
Filled 0-5 hours 79 33.1 
6-10 hours 79 33.1 
11-15 hours 41 17.2 
16-20 hours 38 15.9 
Total 237 99.2 
Unfilled Total 2 0.8 
Total 239 100 
 
There were 237 participants that indicated the time they spent per week using a computer. Of these, 79 
(33.1%) participants indicated that they used a computer 0-5 hours per week. There were 79 (33.1%) 
participants that indicated they used a computer 6-10 hours per week, while 41 (17.2%) participants 
that indicated they used a computer 11-15 hours per week and 38 (15.9%) participants indicated that 
they used a computer 16-20 hours per week. 
 
4.4.9. Technological device usage 
 











Table 4.14 Cell phone/tablet usage intensity 
Response type Usage Frequency (n) Percentage (%) 
Filled Very low use 4 1.7 
Low use 5 2.1 
Moderate use 43 18.0 
High use 83 34.7 
Very high use 102 42.7 
Total 237 99.2 
Unfilled Total 2 0.8 
Total 239 100 
 
There were 237 participants that rated the use of mobile devices for personal and university use. Of 
these, four (1.7%) participants rated their usage of mobile devices as very low use and five (2.1%) 
participants rated their usage of mobile devices as low use. There were 43 (18%) participants that rated 
their usage of mobile devices as moderate use, while 83 (34.7%) participants rated their usage of mobile 
devices as high use and 102 (42.7%) participants rated their usage of mobile devices as very high use.  
 
4.4.10. Study habits 
 











Table 4.15 Study area 
Response type Area of study Frequency (n) Percentage (%) 
Filled At a desk 174 72.8 
On your bed 47 19.7 
On the floor 6 2.5 
Other 5 2.1 
Total 232 97.1 
Unfilled Total 7 2.9 
Total 239 100 
 
There were 232 participants that indicated area of study. Of these, 174 (72.8%) participants indicated 
that they studied at a desk, 47 (19.7%) participants indicated that they studied on their bed, six (2.5%) 
indicated they studied on the floor and five (2.1%) indicated that they studied at ‘other’ locations. 
 
4.4.11. Time spent working with patients 
 












Table 4.16 Hours spent working with patients 
Filled 0-5 hours 4 1.7 
6-10 hours 36 15.1 
11-20 hours 172 72.0 
More than 20 
hours 
10 4.2 
Total 222 92.9 





There were 222 participants that indicated the time they spent per week working with patients. Of these, 
four (1.7%) participants indicated that they worked with patients 0-5 hours per week. There were 36 
(15.1%) participants that indicated they worked with patients 6-10 hours per week. There were 172 
(72%) participants that indicated they worked with patients 11-15 hours per week and 10 (4.2%) 
participants that indicated they worked with patients more than 20 hours per week. 
 
4.4.12. Lifting ergonomics 
 
Table 4.17 shows the frequency of various lifting ergonomics used to lift patients or heavy equipment.  
Table 4.17 Lifting ergonomics 
Response type Lifting ergonomics Frequency (n) Percentage (%) 
Filled With your knees 102 42.7 
With your back 125 52.3 
Total 227 95.0 









There were 227 participants that indicated lifting ergonomics. Of these, 102 (42.7%) participants 
indicated that they lifted with their knees and 125 (52.3%) participants indicated that they lifted with their 
back. 
 
4.4.13. Part-time work  
 
Table 4.18 shows the frequency of various times in hours per week participants spent doing part-time 
work.   
Table 4.18 Hours spent doing part time work per week 
Response type Time (hrs) Frequency (n) Percentage (%) 
Filled 0-5 hours 10 4.2 
6-10 hours 15 6.3 
11-20 hours 14 5.9 
>20 hours 87 36.4 
N/A 105 43.9 
Total 231 96.7 
Unfilled Total 8 3.3 
Total 239 100 
 
There were 231 participants that indicated the time they spent per week working part time. Of these, 10 
(4.2%) participants indicated that they worked part time 0-5 hours per week, while 15 (6.3%) participants 
indicated they worked part time 6-10 hours per week. There were 14 (5.9%) participants that indicated 
they worked part-time 11-20 hours per week and 87 (36.4%) participants that indicated they worked 
part-time more than 20 hours per week. One hundred and five (43.9%) participants indicated that part-
time work was not applicable to them.  
 






Table 4.19 shows the frequency of times in hours per week participants spent exercising.  
Table 4.19 Hours of exercise per week 
Response type Hours (hrs) Frequency (n) Percentage (%) 
Filled 0 hours 78 32.6 
1-3 hours 108 45.2 
4-6 hours 32 13.4 
7-9 hours 8 3.3 
10-12 hours 9 3.8 
> 13 hours 1 0.4 
Total 236 98.7 
Unfilled Total 3 1.3 
Total 239 100 
 
There were 236 participants that indicated the time they spent per week exercising. Of these 78 (32.6%) 
participants indicated that they exercised 0 hours per week. There were 108 (45.2%) participants that 
indicated they exercised 1-3 hours per week. There were 32 (13.4%) participants that indicated they 
exercised 4-6 hours per week, and eight (3.3%) participants that indicated they exercised 7-9 hours per 
week. There were nine (3.8%) participants that indicated they exercised 10-12 hours per week and one 
(0.4%) participant that indicated they exercised more than 13 hours per week.  
 
4.4.15. Exercise activities 
 
Table 4.20 shows the frequency of various exercise activities indicated by participants 
 
Table 4.20 Exercise Activities 
Response Type Exercise Activity Responses 
Frequency (n) Percent (%) 





Recreational Sport 19 7.8% 
Running 33 13.5% 
Cycling 4 1.6% 
Walking 112 45.9% 
Total 244 100% 
 
There were 239 questionnaires with multiple choice answer options available for this question and of 
those 244 responses were recorded for this question. There were 76 (31.1%) participants that indicated 
going to a fitness centre, and 19 (9.6%) participants indicated participating in recreational sports. There 
were 33 (13.5) participants that indicated participating in running. There were four (1.6%) participants 
that indicated participating in cycling and 112 (45.9%) participants that indicated participating in walking.      
 
4.4.16. Stress levels 
 
Table 4.21 shows the frequency of ratings of stress levels during the academic year.  
Table 4.21 Stress levels during academic year 
Response type Levels Frequency (n) Percentage (%) 
Filled Very low 1 0.4 
Low 6 2.5 
Moderate 68 28.5 
High 68 28.5 
Very high 90 37.7 
Total 233 97.5 
Unfilled Total 6 2.5 
Total 239 100 
 
There were a total of 239 questionnaires, and of those 233 participants rated their stress levels during 





participants rated their stress levels as low. There were 68 (28.5%) participants that rated their stress 
levels as moderate, 68 (28.5%) participants that rated their stress levels as high and 90 (37.7%) 
participants that rated their stress levels as very high. 
 
4.5. Frequency of pain experienced 
 
4.5.1. Number of body areas with pain in their lifetime 
 
Table 4.22 shows the number of participants that have experienced pain in a number of areas in the 
body in their lifetime. 
Table 4.22 Pain experienced in body areas: lifetime 




Filled No body areas 26 10.9 
1 body area in pain 25 10.5 
2 body areas in pain 39 16.3 
3 body areas in pain 45 18.8 
4 body areas in pain 31 13.0 
5 body areas in pain 31 13.0 
6 body areas in pain 19 7.9 
7 body areas in pain 16 6.7 
8 body areas in pain 3 1.3 
9 body areas in pain 4 1.7 
Total 239 100 
 
There were 239 filled responses for this question. Of these, 45 (18.8%) participants indicated that three 
body areas have been in pain in their lifetime. There were 39 (16.3%) participants that indicated two 





areas had been in pain in their lifetime, and 31 (13%) participants that indicated five body areas had 
been in pain in their lifetime. There were 26 (10.9) participants that indicated that no body areas have 
ever been affected by pain in their lifetime. There were 25 (10.5%) participants that indicted one body 
area in pain in their lifetime. There were 19 (7.9%) participants that indicated six body areas in pain in 
their lifetime. There were 16 (6.7%) participants that seven body areas in pain in their lifetime. There 
were four (1.7%) participants that indicated nine body areas in pain in their lifetime and three (1.3%) 
participants that indicated eight body areas in pain in their lifetime.    
 
4.5.2. Number of body areas with pain in the past 12 months 
 
Table 4.23 below shows the number of body areas with pain experienced in the past 12 months. 
Table 4.23 Pain in the last 12 months 




Filled No body areas 53 22.2 
1 body area in pain 48 20.1 
2 body areas in pain 37 15.5 
3 body areas in pain 35 14.6 
4 body areas in pain 21 8.8 
5 body areas in pain 20 8.4 
6 body areas in pain 15 6.3 
7 body areas in pain 5 2.1 
8 body areas in pain 2 0.8 
9 body areas in pain 3 1.3 
Total 239 100 
 
There were 239 filled responses for this question. Of these, 53 (22.2%) participants indicated that no 
body areas had been affected in the preceding 12 months. There were 48 (20.1%) participants that 





35 (14.6%) participants that indicated three body areas had been in pain. There were 21 (8.8%) 
participants that indicated four body areas, 20 (8.4%) participants that indicated five body areas and 15 
(6.3%) participants indicated six body areas in pain. Lastly, there were five (2.1%) participants that 
indicated seven body areas, three (1.3%) participants indicated nine body areas and two (0.8%) 
participants indicated eight body areas in pain in the preceding 12 months. 
 
4.5.3.  Number of body areas in pain at the time of the questionnaire 
 
Table 4.24 shows the number of participants that were in pain at the time of the questionnaire. 
Table 4.24 Pain at time of the questionnaire 




Filled No body areas 159 66.5 
1 body area in pain 44 18.4 
2 body areas in pain 14 5.9 
3 body areas in pain 17 7.1 
4 body areas in pain 1 0.4 
5 body areas in pain 2 0.8 
6 body areas in pain 2 0.8 
Total 239 100 
 
There were 239 filled responses for this question. Of these, 159 (66.5%) participants indicated that no 
body areas were affected by pain at the time of the questionnaire. There were 48 (18.4%) participants 
that indicated one body area was in pain, 17 (7.1%) participants indicated that three body areas were 
in pain and 14 (5.9%) participants that indicated two body areas were in pain. Furthermore, there were 
two (0.8%) participants that indicated five body areas were in pain, two (0.8%) participants that indicated 






4.5.4. Frequency of pain in specific body areas  
 
4.5.4.1. Frequency of pain: lifetime 
 
Table 4.25 shows the count and percentages of pain experienced by the participants in nine body areas 
over their lifetime.  
Table 4.25 Experience of pain in specific body area: lifetime 
Area Frequency No Yes Total 
Neck Count 95 144 239 
% 39.7% 60.3% 100.0% 
Shoulders Count 138 101 239 
% 57.7% 42.3% 100.0% 
Upper back Count 148 91 239 
% 61.9% 38.1% 100.0% 
Elbows Count 220 19 239 
% 92.1% 7.9% 100.0% 
Wrist & Hands Count 178 61 239 
% 74.5% 25.5% 100.0% 
Lower back Count 79 160 239 
% 33.1% 66.9% 100.0% 
Hips & Thighs Count 178 61 239 
% 74.5% 25.5% 100.0% 
Knees Count 157 82 239 
% 65.7% 34.3% 100.0% 
Ankles & Feet Count 155 84 239 
% 64.9% 35.1% 100.0% 
 
There were 239 filled responses for all the body areas in question in participants’ lifetime. For the neck 





had experienced pain. In the upper back area, 91 (38.1%) participants had experienced pain. In the 
elbow area, 19 (7.9%) participants had experienced pain. In the wrist and hand areas, 61 (25.5%) 
participants had experienced pain, and in the lower back area, 160 (66.9%) participants had 
experienced pain. In the hips and thighs area, 61 (25.5%) participants had experienced pain. In the 
knee areas, 82 (34.3%) participants had experienced pain, while in the ankles and feet regions, 84 
(35.1%) participants had experienced pain.  
 
4.5.4.2. Frequency of pain in the preceding 12 months 
Table 4.26 shows the count and percentages of pain experienced in the preceding 12 months by the 
participants in nine body areas 
Table 4.26 Pain in the preceding 12 months in specific body areas 
Area Frequency No Yes Total 
Neck Count 135 104 239 
% 56.5% 43.5% 100.0% 
Shoulders Count 173 66 239 
% 72.4% 27.6% 100.0% 
Upper back Count 171 68 239 
% 71.5% 28.5% 100.0% 
Elbows Count 228 11 239 
% 95.4% 4.6% 100.0% 
Wrists & Hands Count 192 47 239 
% 80.3% 19.7% 100.0% 
Lower back Count 112 127 239 
% 46.9% 53.1% 100.0% 
Hips & Thighs Count 197 42 239 
% 82.4% 17.6% 100.0% 
Knees Count 180 59 239 
% 75.3% 24.7% 100.0% 





% 77.0% 23.0% 100.0% 
 
There were 239 filled responses for all the body areas in question in the preceding 12 months. For the 
neck area, 104 (43.5%) participants had experienced pain. In the shoulder area, 66 (27.6%) participants 
had experienced pain. In the upper back area, 68 (28.5%) participants had experienced pain. In the 
elbow areas, 11 (4.6%) participants had experienced pain. In the wrist and hand areas, 47 (19.7%) 
participants had experienced pain. In the lower back area, 127 (53.1%) participants had experienced 
pain. In the hips and thighs areas, 42 (17.6%) participants had experienced pain. In the knee areas, 59 
(24.7%) participants had experienced pain. Lastly in the ankles and feet regions, 55 (23%) participants 
had experienced pain in the preceding 12 months. 
 
4.5.4.3. Frequency of pain at the time of the questionnaire 
Table 4.27 below shows the count and percentages of pain experienced at the time of the questionnaire 
by the participants, in nine body areas. 
Table 4.27 Pain at the time of the questionnaire in specific body areas 
Area Frequency No Yes Total 
Neck Count 207 32 239 
% 86.6% 13.4% 100.0% 
Shoulders Count 216 23 239 
% 90.4% 9.6% 100.0% 
Upper back Count 214 25 239 
%  89.5% 10.5% 100.0% 
Elbows Count 238 1 239 
% 99.6% 0.4% 100.0% 
Wrists & Hands Count 236 3 239 
% 98.7% 1.3% 100.0% 
Lower back Count 204 35 239 
% 85.4% 14.6% 100.0% 
Hips & Thighs Count 232 7 239 
% 97.1% 2.9% 100.0% 





% 94.6% 5.4% 100.0% 
Ankles & Feet Count 229 10 239 
% 95.8% 4.2% 100.0% 
 
For the neck area, 32 (13.4%) participants were experiencing pain. In the shoulder area, 23 (9.6%) 
participants were experiencing pain. In the upper back area, 25 (10.5%) participants were experiencing 
pain. In the elbow areas, one (0.4%) participant was experiencing pain. In the wrist and hand areas, 
three (1.3%) participants were experiencing pain. In the lower back area, 35 (14.6%) participants were 
experiencing pain. In the hips and thighs areas, seven (2.9%) participants were experiencing pain. In 
the knee areas, 13 (5.4%) participants were experiencing pain and, in the ankles, and feet regions 10 
(4.2%) participants were experiencing pain.  
 
4.6. Background to Musculoskeletal Pain 
 
4.6.1. Overall: Number of body areas with pain in the preceding 12 months 
 
The following section will detail the risk and demographic factors that influenced the presence or 
absence of pain in participants. Tables 4.28 through to 4.38 will detail pain experienced in the preceding 
12 months in one or more body area, or no pain experienced in any body area.  
4.6.1.1. Non-significant risk factors of musculoskeletal pain 











Table 4.28 Non-significant risk factors for overall body pain 





Gender 239 0.227 
Quality seated position 236 0.385 
Degree of repetitive movements in practical 
subjects 
228 0.325 
Posture in practical classes (i.e. sitting, standing, 
walking, or bending) 
237 0.313 
Performed in Physics/Chemistry practicals 239 0.411 
Moving a patient 239 0.930 
Moving equipment 239 0.106 
Hours spent per week on a computer 237 0.198 
Study location (in other words, desk or bed/floor) 227 0.106 
Method of lifting patients and heavy equipment (in 
other words, with knees or with back) 
227 0.281 
Hours per week spent exercising 236 0.088 
Fitness centre 239 0.105 
Running 239 0.051 
Cycling 239 0.891 
Walking 239 0.717 
Stress level over the academic year 233 0.319 
 
Non-significant variables for overall body pain will not be discussed further as the p-value is higher than 
0.05 for each of the individual variables mentioned in Table 4.28. 
4.6.1.2. Significant risk factors of musculoskeletal pain 
The tables below will detail the risk factors that have a p-value of less than 0.05 and they will be 





Age, height, and weight 
Table 4.29 below shows the sample size, mean, standard deviation, minimum and maximum for age, 
height, and weight for participants.  













Age at last 
birthday: 
239 21.18 2.465 18 32 0.003 
Height (m): 166 1.6278 0.1251
4 
1.20 1.90 0.310 
Weight (kg): 196 65.69 15.737 40 135 0.436 
 
There were 239 filled responses for age at last birthday with a mean age of 21.18 years with a standard 
deviation of 2.47 years. The p-value for age was 0.003, which is statistically significant.  For height there 
was a total of 166 filled responses, with the mean height being 1.63 m with a standard deviation of 0.125 
m. The p-value for height was 0.310. For the weight demographic, 196 participants filled responses. 
The mean weight was 65.69 kg with a standard deviation of 15.74 kg. The p-value for weight was 0.436. 
Table 4.30 shows the sample size, mean, standard deviation, minimum and maximum for age for 
participants who experienced no areas of pain and those that experienced one or more areas with pain. 
 
Table 4.30 Descriptive statistics for age broken down by number of body areas with pain 
Variable Number of 
body areas 
















Age at last 
birthday: 
None 53 20.26 1.456 0.200 
One or more 
body areas 
with pain 
186 21.44 2.630 0.193 
 
There were 53 participants that experienced no pain in the preceding 12 months. These participants 
had a mean age of 20.62 years. There were 186 participants that experienced pain in one or more area 
of the body in the preceding 12 months, and these participants had a mean age of 21.44 years. The p-
value for age with or without pain is 0.003. This indicates that the older the participants are, the more 
likely they are to have experienced musculoskeletal pain in the preceding 12 months. 
Year of study 
Table 4.31 shows the count and percentage of participants in each year of study by presence of pain. 
Table 4.31 Year of study of participants by presence of pain 
  
What year are you in? 














43.4% 24.5% 20.8% 11.3% 100.0% 
% of All 
participants 








Count 67 23 39 54 183 
% of 
Participants 










There were 236 filled responses in Table 4.31. Of the 90 first-year participants, 23 (25.6%) of them 
experienced no pain in the preceding 12 months; the remaining 67 (74.4%) had experienced pain. There 
were 36 second-year participants in total, 13 (36.1%) of which had experienced no pain in the preceding 
12 months. The remaining 23 (63.9%) experienced pain. There were 50 third-year participants. Eleven 
(20.8%) of them experienced no pain in the preceding 12 months, and the remaining 39 (78%) 
experienced pain. In fourth year, there were 60 participants in total. Six (10%) experienced no pain in 
the preceding 12 months, while the remaining 54 (90%) experienced pain. The p-value for year of study 
of participants by presence of pain was 0.021. This indicates that the later the year of study, the higher 
the likelihood of developing musculoskeletal pain. 
Hours per week spent sitting in class 
Table 4.32 shows the number of hours spent sitting in class with the presence or absence of pain in 







% of All 
participants 
74.4% 63.9% 78.0% 90.0% 77.5% 




pain in the 
past 12 
months 





Table 4.32 Hours per week spent sitting in class by presence of pain 
  


















None Count 25 13 12 50 
% of 
Participants 
with no pain 
50.0% 26.0% 24.0% 100.0% 
% of All 
participants 








Count 50 83 50 183 
% of 
Participants 




27.3% 45.4% 27.3% 100.0% 
% of All 
participants 
66.7% 86.5% 80.6% 78.5% 




pain in the 
past 12 
months 






There were 233 filled responses for Table 4.32. There were 75 participants who spent fewer than 10 
hours a week sitting in class; of these, 25 (33.3%) had experienced no pain in the preceding 12 months. 
The remaining 50 (66.7%) had experienced pain in the preceding 12 months. There were 96 participants 
that spent between 10 and 20 hours sitting in class. Of these, 13 (13.5%) had experienced no pain in 
the preceding 12 months. The remaining 83 (86.5%) had experienced pain in the preceding 12 months. 
There were 62 participants that spent more than 20 hours a week sitting in class. Of those only 12 (24%) 
had experienced no pain in the preceding 12 months. The remaining 50 (80.6%) had experienced pain 
in the preceding 12 months. The p-value for recorded hours per week spent sitting in class by presence 
of pain was 0.007. Longer hours spent sitting in class increased the likelihood of experiencing 
musculoskeletal pain in the preceding 12 months.  
Hours per week spent in practicals 
Table 4.33 below shows the number of participants that participated in practical classes that had pain 


















Table 4.33 Hours per week spent in practical by presence of pain 
 













pain in the 
preceding 
12 months 
None Count 39 11 2 52 
% of 
Participants 
with no pain 
75.0% 21.2% 3.8% 100.0% 
% of All 
participants 






Count 131 14 31 176 
% of 
Participants 




74.4% 8.0% 17.6% 100.0% 
% of All 
participants 
77.1% 56.0% 93.9% 77.2% 




pain in the 
preceding 
12 months 






There were 222 filled responses for Table 4.33. There were 170 participants who spent 0-5 hours a 
week in practical classes. Of these, 39 (22.9%) had experienced no pain in the preceding 12 months. 
The remaining 131 (74.4%) had experienced pain in the preceding 12 months. There were 25 
participants that spent between 6 and 15 hours in practical classes. Of these, 11 (44%) had experienced 
no pain in the preceding 12 months. The remaining 14 (56%) had experienced pain in the preceding 12 
months. There were 33 participants that spent more than 16 hours a week in practical classes. Of those 
only two (6.1%) had experienced no pain in the preceding 12 months. The remaining 31 (93.9%) had 
experienced pain in the preceding 12 months. The p-value for recoded hours per week spent in practical 
classes by presence of pain was 0.003. Increased hours spent in practical classes increased the 
likelihood of experiencing musculoskeletal pain in the preceding 12 months. 
Hours spent per week at home studying  
Table 4.34 shows the number of participants that had experienced pain in the preceding 12 months and 


















Table 4.34 Hours spent per week at home studying by presence of pain 
  
How many hours per week do you 
























39.2% 33.3% 9.8% 17.6% 100.0
% 
% of All 
participants 







Count 53 82 38 12 185 
% of 
Participants 




28.6% 44.3% 20.5% 6.5% 100.0
% 
% of All 
participants 
72.6% 82.8% 88.4% 57.1% 78.4% 




pain in the 
past 12 
months 







There were 236 filled responses for Table 4.34. There were 73 participants who spent 0-5 hours a week 
studying at home, and of these 20 (27.4%) had experienced no pain in the preceding 12 months. The 
remaining 53 (72.6%) had experienced pain in the preceding 12 months. There were 99 participants 
that spent between 6-10 hours a week studying at home. Of these 17 (17.2%) had experienced no pain 
in the preceding 12 months. The remaining 82 (82.8%) had experienced pain in the last 12 months. 
There were 43 participants that spent 11-15 hours a week studying at home. Of those, five (11.6%) 
experienced no pain in the preceding 12 months. The remaining 38 (88.4%) had experienced pain in 
the preceding 12 months. There were 21 participants that spent 16-20 hours a week studying at home. 
Of those, nine (42.9%) had experienced no pain in the preceding 12 months. The remaining 12 (57.1%) 
had experienced pain in the preceding 12 months. The p-value for hours spent per week at home 
studying by presence of pain was 0.013. Longer hours spent studying at home increased the likelihood 
of experiencing musculoskeletal pain in the preceding 12 months. 
Cell phone/tablet use intensity 
Table 4.35 shows the intensity of cell phone/tablet use for personal and university use and the presence 
















Table 4.35 Cell phone/tablet use intensity for personal and university use by presence of pain 
  
How intensely do you use your cell 




















Count 18 16 17 51 
% of Participants 
with no pain 
35.3% 31.4% 33.3% 100.0% 
% of All 
participants 








Count 34 67 85 186 
% of Participants 
with one or more 
body areas with 
pain 
18.3% 36.0% 45.7% 100.0% 
% of All 
participants 
65.4% 80.7% 83.3% 78.5% 
Total Count 52 83 102 237 
% Number of body 
areas with pain in 
the preceding 12 
months 
21.9% 35.0% 43.0% 100.0% 
 
There were 237 filled responses for Table 4.35. There were 52 participants who spent a low to 
moderate intensity of time using a cell phone/tablet for personal or university use, and of these 18 
(34.6%) had experienced no pain in the preceding 12 months. The remaining 34 (65.4%) participants 





intensity of time using a cell phone/tablet for personal or university use, and of these 16 (19.3%) 
experienced no pain in the preceding 12 months. The remaining 67 (80.7%) participants had 
experienced pain in the preceding 12 months. There were 102 participants who spent a very high 
intensity of time using a cell phone/tablet for personal or university use, of these 17 (16.7%) had 
experienced no pain in the p 12receding months. The remaining 85 (83.3%) had experienced pain in 
the preceding 12 months. The p-value for cell phone/tablet use for personal and university use, intensity 
by presence of pain was 0.031. Therefore, higher intensity of cell phone/tablet use increased the 
likelihood of experiencing musculoskeletal pain. 
Hours spent working with patients 




















Table 4.36 Hours spent working with patients by presence of pain 
  
 Hours per week working 
with patients 
Total 
0-10 hours 11 or more 
hours 
Number of body 
areas with pain 
in the preceding 
12 months 
None Count 15 33 48 
% of Participants 
with no pain 
31.3% 68.8% 100.0% 
% of All 
participants 






Count 25 149 174 
% of Participants 
with one or more 
body areas with 
pain 
14.4% 85.6% 100.0% 
% of All 
participants 
62.5% 81.9% 78.4% 
Total Count 40 182 222 
% Number of 
body areas with 
pain in the 
preceding 12 
months 
18.0% 82.0% 100.0% 
 
There were 222 filled responses for Table 4.36. There were 40 participants who spent 0-10 hours per 
week working with patients; of these, 15 (37.5%) had experienced no pain in the preceding 12 months. 
The remaining 25 (62.5%) had experienced pain in the preceding 12 months. There were 182 
participants that spent 11 or more hours a week working with patients. Of these, 33 (18.1%) had 





more body areas in the preceding 12 months. The p-value for working with patients by the presence of 
pain was 0.007. Thus, longer hours spent working with patients per week increased the likelihood of 
experiencing musculoskeletal pain. 
Hours spent working part-time 
























Table 4.37 Hours spent working part-time by presence of pain 
  












with pain in the 
preceding 12 
months 
None Count 30 9 10 49 
% of Participants 
with no pain 
61.2% 18.4% 20.4% 100.0% 
% of All 
participants 
28.6% 23.1% 11.5% 21.2% 
One or more 
body areas 
with pain 
Count 75 30 77 182 
% of Participants 
with one or more 
body areas with 
pain 
41.2% 16.5% 42.3% 100.0% 
% of All 
participants 
71.4% 76.9% 88.5% 78.8% 
Total Count 105 39 87 231 
% Number of 
body areas with 
pain in the 
preceding 12 
months 
45.5% 16.9% 37.7% 100.0% 
 
There were 231 filled responses for Table 4.37. There were 105 participants who indicated not 
applicable. Of these, 30 (28.6%) had experienced no pain in the preceding 12 months. The remaining 
75 (71.4%) had experienced pain in the preceding 12 months. There were 39 participants that worked 
part-time 0-20 hours per week. Of these, nine (18.4%) had experienced no pain in the preceding 12 





part-time 21 hours or more per week. Of these, 10 (11.5%) experienced no pain in the last 12 months, 
while the remaining 77 (88.5%) had experienced pain in one or more body area in the preceding 12 
months. The p-value for time spent working part time was 0.015. Thus, longer hours spent working part 
time increased the likelihood of experiencing musculoskeletal pain. 
Recreational sport 
Table 4.38 shows the number of participants taking part in recreational sports with or without the 
presence of pain in the last 12 months. 
Table 4.38 Performance of recreational sport by presence of pain 
  
Recreational Sport Total 
Unfilled Filled 
Number of body 
areas with pain 
in the preceding 
12 months 
None Count 53 0 53 
% of Participants 
with no pain 
100.0% 0.0% 100.0% 
% of All 
participants 
24.1% 0.0% 22.2% 
One or more 
body areas 
with pain 
Count 167 19 186 
% of Participants 
with one or more 
body areas with 
pain 
89.8% 10.2% 100.0% 
% of All 
participants 
75.9% 100.0% 77.8% 
Total Count 220 19 239 
% Number of 
body areas with 
pain in the 
preceding 12 
months 






All 239 participants filled in the query as to the participation of exercise activity in the questionnaire. 
There were 220 (92.1%) participants that did not mark recreational sports; of those, 53 had experienced 
no pain in the preceding 12 months. The remaining 167 had experienced pain in the preceding 12 
months. There were 19 (7.9%) participants that indicated they took part in recreational sports. Of those, 
all 19 had experienced pain in one or more body area. The p-value for overall pain in recreational 
sports was 0.015. Participation in recreational sports increased the likelihood of experiencing 
musculoskeletal pain. 
4.6.2. Neck pain 
 
The following section will detail the risk and demographic factors that influenced the presence or 
absence of neck pain in participants. Tables 4.39 through to 4.42 will detail the absence or presence 
of pain experienced in the neck area. 
4.6.2.1. Non-significant risk factors for musculoskeletal neck pain 
Table 4.39 shows the number of participant responses and significance level for each risk factor for 
















Table 4.39 Non-significant risk factors for neck pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Gender 239 0.283 
Year of study 236 0.343 
Hours per week spent sitting in class 233 0.230 
Quality of seated position 236 0.183 
Degree of repetitive movements in practical subjects 228 0.138 
Position in practical classes (i.e. sitting, standing, 
walking, or bending) 
237 0.264 
Performed in Physics/Chemistry practicals 239 0.530 
Moving a patient 239 0.532 
Moving equipment 239 0.882 
Hours spent per week at home studying 236 0.938 
Hours spent per week on a computer 237 0.076 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.979 
Method of lifting patients and heavy equipment (i.e. 
with knees or with back) 
227 0.561 
Hours per week working part-time 231 0.497 
Hours per week spent exercising 236 0.413 
Fitness centre 239 0.984 
Recreational sport 239 0.072 
Running 239 0.809 
Cycling 239 0.451 
Walking 239 0.554 
Stress level over the academic year 233 0.084 
 
The table above shows the non-significant risk factors for neck pain. They will not be discussed further 





Age, height and weight 
For age, the Mann-Whitney U test had a p-value of 0.219 for presence of neck pain. For height, the 
Mann-Whitney U test had a p-value of 0.951 for the presence of neck pain. For weight, the Mann-
Whitney U test had a p-value of 0.568 for the presence of neck pain. The t-test for these demographics 
confirmed non-significance. 
4.6.2.2. Significant risk factors of musculoskeletal neck pain 
Practical time in class per week 
Table 4.40 shows the practical time spent in class by the presence of neck pain. 
Table 4.40 Practical time in class per week by presence of neck pain 
  
Hours per week spent in practical Total 
0-5 hours 6-15 hours 16 or more 
hours 
Neck No Count 92 20 14 126 
% within No 73.0% 15.9% 11.1% 100.0% 
% of All 
Participants 
54.1% 80.0% 42.4% 55.3% 
Yes Count 78 5 19 102 
% within Yes 76.5% 4.9% 18.6% 100.0% 
% of All 
Participants 
45.9% 20.0% 57.6% 44.7% 
Total Count 170 25 33 228 
% within Neck 74.6% 11.0% 14.5% 100.0% 
 
There were 228 filled responses for Table 4.40. There were 170 participants who indicated spending 0-
5 hours per week in practical classes; of these 92 (54.1%) experienced no neck pain. The remaining 78 
(45.9%) had experienced neck pain. There were 25 participants that spent 6-15 hours per week in 
practical classes; of these, 20 (80%) experienced no neck pain. The remaining five (20%) had 
experienced neck pain. There were 33 participants that spent 16 hours or more per week in practical 





experienced neck pain. The p-value for practical time in class per week by presence of neck pain was 
0.014. Longer hours spent in practical classes per week increased the likelihood of experiencing neck 
pain. 
Study location 
Table 4.41 shows the presence of neck pain and the location of study by participants. 
Table 4.41 Type of study location by presence of neck pain 
  
Study location Total 
Desk Bed/floor 
Neck No Count 109 21 130 
% within No 83.8% 16.2% 100.0% 
% of All 
Participants 
62.6% 39.6% 57.3% 
Yes Count 65 32 97 
% within Yes 67.0% 33.0% 100.0% 
% of All 
Participants 
37.4% 60.4% 42.7% 
Total Count 174 53 227 
% within Neck 76.7% 23.3% 100.0% 
  
There were 227 filled responses for Table 4.41. There were 174 participants who indicated they studied 
at a desk; of these, 102 (62.6%) experienced no neck pain. The remaining 65 (37.4%) had experienced 
neck pain. There were 53 participants that studied on the bed or floor. Of these. 21 (39.6%) had 
experienced no neck pain. The remaining 32 (60.4%) had experienced neck pain. The p-value for study 
location by presence of neck pain was 0.003. Studying at a desk increased the likelihood of experiencing 
neck pain, it is interesting that studying at a desk increases the likelihood of experiencing neck pain as 
opposed to the bed or the floor. 
Hours per week working with patients 






Table 4.42 Hours per week working with patients by presence of neck pain 
 
There were 222 filled responses for Table 4.42. There were 40 participants who worked with patients 
0-10 hours per week; of these, 29 (72.5%) had experienced no neck pain. The remaining 11 (27.5%) 
had experienced neck pain. There were 182 participants who worked with patients 11 or more hours 
per week. Of these, 94 (51.6%) had experienced no neck pain while the remaining 88 (48.4%) had 
experienced neck pain. The p-value for hours spent working with patients per week by presence of 
neck pain was 0.016. Longer hours spent working with patients increased the likelihood of 
experiencing neck pain. 
 
4.6.3. Shoulder pain 
 
The following section will detail the risk and demographic factors that influenced the presence or 
absence of shoulder pain in participants. Tables 4.43 through to 4.46 detail the presence or absence 
of pain experienced in the shoulder area. 
4.6.3.1. Non-significant risk factors for musculoskeletal shoulder pain 
Table 4.43 shows the number of participant responses and significance level for each risk factor.  
  
Hours per week working with 
patients 
Total 
0-10 hours 11 or more hours 
Neck No Count 29 94 123 
% within No 23.6% 76.4% 100.0% 
% of All Participants 72.5% 51.6% 55.4% 
Yes Count 11 88 99 
% within Yes 11.1% 88.9% 100.0% 
% of All Participants 27.5% 48.4% 44.6% 
Total Count 40 182 222 





Table 4.43 Non-significant risk factors for shoulder pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Gender 239 0.583 
Year of study 236 0.927 
Hours per week spent sitting in class 233 0.114 
Quality seated position 236 0.342 
Degree of repetitive movements in practical subjects 228 0.151 
Position in practical classes (i.e. sitting, standing, 
walking, or bending) 
237 0.378 
Performed in Physics/Chemistry practicals 239 0.696 
Moving a patient 239 0.668 
Moving equipment 239 0.257 
Hours spent per week at home studying 236 0.855 
Hours spent per week on a computer 237 0.665 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.580 
Hours per week working with patients 222 0.242 
Method of lifting patients and heavy equipment (i.e. 
with knees or with back) 
227 0.263 
Hours per week working part-time 231 0.263 
Hours per week spent exercising 236 0.557 
Fitness centre 239 0.349 
Running 239 0.429 
Cycling 239 0.906 
Walking 239 0.576 
Stress level over the academic year 233 0.404 
 
The table above shows the non-significant risk factors for shoulder pain. They will not be discussed 





Age, height and weight 
For age, the Mann-Whitney U test had a p-value of 0.484 for presence of shoulder pain. For height, 
the Mann-Whitney U test had a p-value of 0.089 for the presence of shoulder pain. For weight, the 
Mann-Whitney U test had a p-value of 0.940 for the presence of shoulder pain. The t-test for these 
demographics confirmed non-significance. 
4.6.3.2. Significant risk factors of musculoskeletal shoulder pain 
Hours per week spent in practical 
The table below, Table 4.44 shows the number of hours spent in practical classes by the presence of 
pain. 
Table 4.44 Hours per week spent in practical by presence of pain 
 
There were 228 filled responses for Table 4.44. There were 170 participants who spent 0-5 hours per 
week in practical classes. Of these, 126 (74.1%) experienced no shoulder pain. The remaining 44 
(25.9%) had experienced shoulder pain. There were 25 participants who spent 6-15 hours per week in 
practical classes. Of these, 23 (92%) had experienced no shoulder pain while the remaining two (8%) 
had experienced shoulder pain. There were 33 participants who spent 16 hours or more per week in 
  










Shoulders No Count 126 23 17 166 
% within No 75.9% 13.9% 10.2% 100.0% 
% of All Participants 74.1% 92.0% 51.5% 72.8% 
Yes Count 44 2 16 62 
% within Yes 71.0% 3.2% 25.8% 100.0% 
% of All Participants 25.9% 8.0% 48.5% 27.2% 
Total Count 170 25 33 228 





practical classes. Of these, 17 (51.5%) experienced no shoulder pain. The remaining 16 (48.5%) had 
experienced shoulder pain. The p-value for practical time in class per week by presence of shoulder 
pain was 0.002. Spending longer hours per week in practical classes increased the likelihood of 
experiencing shoulder pain. 
Study location 
Table 4.45 shows the choice of study location at home by the presence or absence of shoulder pain. 
Table 4.45 Choice of study location by presence of pain 
  
Recoded where study Total 
Desk Bed/floor 
Shoulders No Count 133 33 166 
% within No 80.1% 19.9% 100.0% 
% of All 
Participants 
76.4% 62.3% 73.1% 
Yes Count 41 20 61 
% within Yes 67.2% 32.8% 100.0% 
% of All 
Participants 
23.6% 37.7% 26.9% 
Total Count 174 53 227 
% within 
Shoulders 
76.7% 23.3% 100.0% 
 
There were 227 filled responses for Table 4.45. There were 174 participants who studied at a desk; 
of these, 133 (80.1%) experienced no shoulder pain. The remaining 41 (23.6%) had experienced 
shoulder pain while studying at a desk. There were 53 participants that studied on a bed or on the 
floor. Of these, 33 (62.3%) had experienced no shoulder pain. The remaining 20 (37.7%) had 
experienced shoulder pain while studying on a bed or the floor. The p-value for study location by 
presence of shoulder pain was 0.042. Studying on the bed or floor therefore increased the likelihood 






Table 4.46 shows the number of participants that participated in recreational sport by the presence or 
absence of shoulder pain. 
Table 4.46 Performance of recreational sport by presence of pain 
  
Recreational Sport Total 
Not marked Marked 
Shoulders No Count 163 10 173 
% within No 94.2% 5.8% 100.0% 
% of All 
Participants 
74.1% 52.6% 72.4% 
Yes Count 57 9 66 
% within Yes 86.4% 13.6% 100.0% 
% of All 
Participants 
25.9% 47.4% 27.6% 
Total Count 220 19 239 
% within 
Shoulders 
92.1% 7.9% 100.0% 
 
All 239 participants filled in the question, as detailed above in Table 4.46. There were 220 (92.1%) 
participants that did not participate in recreational sports, of those 163 (74.1%) had experienced no 
shoulder pain. The remaining 57 (25.9%) had experienced shoulder pain. There were 19 (7.9%) 
participants that took part in recreational sports. Of those, 10 (52.6%) had not experienced shoulder 
pain. The remaining nine (47.4%) had experienced shoulder pain. The p-value for shoulder pain in 
recreational sports was 0.045. Participating in recreational sports increased the likelihood of 
experiencing shoulder pain. 
 






The following section will detail the risk and demographic factors that influenced the presence or 
absence of upper back pain in participants. Tables 4.47 through to 4.49 detail the presence or absence 
of pain experienced in the upper back area. 
4.6.4.1. Non-significant risk factors of musculoskeletal upper back pain 
Table 4.47 below shows the number of participant responses and significance level for each risk factor.  
Table 4.47 Non-significant risk factors for upper back pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Year of study 236 0.493 
Hours per week spent sitting in class 233 0.586 
Quality seated position 236 0.698 
Degree of repetitive movements in practical subjects 228 0.263 
Position in practical classes (i.e. sitting, standing, 
walking or bending) 
237 0.718 
Performed in Physics/Chemistry practical classes 239 0.673 
Moving a patient 239 0.653 
Moving equipment 239 0.776 
Hours spent per week at home studying 236 0.817 
Hours spent per week on a computer 237 0.952 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.393 
Study location (i.e. desk or bed/floor) 227 0.113 
Hours per week working with patients 222 0.802 
Method of lifting patients and heavy equipment (i.e. 
with knees or with back) 
227 0.746 
Hours per week working part-time 231 0.732 
Hours per week spent exercising 236 0.457 
Fitness centre 239 0.617 





Running 239 0.278 
Cycling 239 0.203 
Walking 239 0.235 
Stress level over the academic year 233 0.102 
 
The table above shows the non-significant risk factors for upper back pain. They will not be discussed 
further in this section as they have a p-value of more than 0.05. 
Age, height and weight 
For age, the Mann-Whitney U test had a p-value of 0.378 for presence of shoulder pain. For height, 
the Mann-Whitney U test had a p-value of 0.932 for the presence of shoulder pain. For weight, the 
Mann-Whitney U test had a p-value of 0.961 for the presence of shoulder pain. The t-test for these 
demographics confirmed non-significance. 
4.6.4.2. Significant risk factors for musculoskeletal upper back pain 
Gender 
Table 4.48 below shows gender mix by the presence or absence of upper back pain. 




Upper back No Count 128 43 171 
% within No 74.9% 25.1% 100.0% 
% within All 
Participants 
67.4% 87.8% 71.5% 
Yes Count 62 6 68 
% within Yes 91.2% 8.8% 100.0% 
% within All 
Participants 
32.6% 12.2% 28.5% 
Total Count 190 49 239 
% within Upper 
Back 






All 239 participants responded for Table 4.48. There were 190 female participants. Of these, 128 
(67.4%) had experienced no upper back pain. The remaining 62 (32.6%) had experienced upper back 
pain. There were 49 male participants. Of these, 43 (87.8%) experienced no upper back pain. The 
remaining six (12.2%) had experienced upper back pain. The p-value for gender by presence of upper 
back pain was 0.005; therefore being female increased an individual’s likelihood of experiencing upper 
back pain. 
Practical time in class per week 
Table 4.49 below shows the number of hours spent in practical classes by the presence of pain in the 
upper back. 
Table 4.49 Practical time in class per week by presence of pain 
  
Hours per week spent in practical Total 





Upper back No Count 125 22 17 164 
% within No 76.2% 13.4% 10.4% 100.0% 
% within All 
Participants 
73.5% 88.0% 51.5% 71.9% 
Yes Count 45 3 16 64 
% within Yes 70.3% 4.7% 25.0% 100.0% 
% within All 
Participants 
26.5% 12.0% 48.5% 28.1% 
Total Count 170 25 33 228 
% within Upper 
Back 
74.6% 11.0% 14.5% 100.0% 
 
There were 228 filled responses for Table 4.49. There were 170 participants who spent 0-5 hours per 





45 (26.5%) had experienced upper back pain. There were 25 participants that spent 6-15 hours per 
week in practical classes. Of these, 22 (88%) had experienced no upper back pain. The remaining 
three (12%) had experienced upper back pain. There were 33 participants that spent 16 hours or more 
per week in practical classes. Of these, 17 (51.5%) had experienced no upper back pain and the 
remaining 16 (48.5%) had experienced upper back pain. The p-value for practical time in class per 
week by presence of upper back pain was 0.006; therefore, longer hours spent in practical classes 
increased the likelihood of experiencing upper back pain.  
4.6.5. Elbow pain 
 
The following section will detail the risk and demographic factors that influenced the presence or 
absence of elbow pain in participants. Tables 4.50 through to 4.55 will detail the presence or absence 
of pain experienced in the elbow area. 
4.6.5.1. Non-significant risk factors of musculoskeletal elbow pain 
















Table 4.50 Non-significant risk factors for elbow pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Gender 239 0.569 
Year of study 236 0.590 
Hours per week spent sitting in class 233 0.754 
Quality seated position 236 0.379 
Hours per week spent in practical 228 0.444 
Degree of repetitive movements in practical subjects 228 0.359 
Position in practical classes (i.e. sitting, standing, 
walking or bending) 
237 0.116 
Performed in Physics/Chemistry practicals 239 0.342 
Moving a patient 239 0.642 
Moving equipment 239 0.542 
Hours spent per week on a computer 237 0.447 
Study location (i.e. desk or bed/floor) 227 0.798 
Hours per week working with patients 222 0.582 
Hours per week working part-time 231 0.247 
Hours per week spent exercising 236 0.451 
Fitness centre 239 0.739 
Recreational sport 239 0.318 
Running 239 0.667 
Cycling 239 0.658 
Walking 239 0.601 
Stress level over the academic year 233 0.989 
 
The table above shows the non-significant risk factors for elbow pain. They will not be discussed further 






4.6.5.2. Significant risk factors of musculoskeletal elbow pain 
Age, height, and weight 
Table 4.51 below shows the sample size, mean, standard deviation, minimum and maximum for age, 
height, and weight for participants.  











Age at last birthday: 239 21.18 2.465 18 32 0.937 
Height (m): 166 1.6278 0.12514 1.20 1.90 0.286 
Weight (kg): 196 65.69 15.737 40 135 0.035 
 
For age, the Mann-Whitney U test had a p-value of 0.937 for presence of elbow pain. For height, the 
Mann-Whitney U test had a p-value of 0.286 for the presence of elbow pain. For weight, the Mann-
Whitney U test had a p-value of 0.035 for the presence of elbow pain. The t-test for the demographics 
of age and height confirmed non-significance. The t-test for weight was 0.301; as stated initially, 
however, Mann-Whitney U test results will take preference for significance in this study. 
Table 4.52 below shows the sample size, mean, standard deviation, minimum and maximum for weight 
of participants who experienced did or did not experience pain in their elbows. 
Table 4.52 Descriptive statistics for weight by presence of pain in elbows 
Variable Elbows Sample size 
(n) 




Weight (kg) No 187 65.34 15.867 1.160 
Yes 9 73.11 10.856 3.619 
 
In the table above, the mean weight without the presence of elbow pain was 65.34 kg with a standard 
deviation of 15.867 kg with a n=187 participants. The mean weight with the presence of elbow pain 





value of 0.035 for the presence of elbow pain. Increased weight of participants increased the likelihood 
of experiencing elbow pain. 
Hours per week spent studying at home 
Table 4.53 shows hours per week spent studying at home by the presence of pain. 
Table 4.53 Hours per week spent studying at home by presence of pain 
  
How many hours per week do you 











Elbows No Count 72 96 39 18 225 
% within No 32.0% 42.7% 17.3% 8.0% 100.0
% 
% within All 
Participants 
98.6% 97.0% 90.7% 85.7% 95.3% 
Yes Count 1 3 4 3 11 
% within Yes 9.1% 27.3% 36.4% 27.3% 100.0
% 
% within All 
Participants 
1.4% 3.0% 9.3% 14.3% 4.7% 
Total Count 73 99 43 21 236 
% within Elbows 30.9% 41.9% 18.2% 8.9% 100.0
% 
 
There were 236 filled responses for Table 4.53. There were 73 participants who spent 0-5 hours per 
week studying at home; of these, 72 (98.6%) experienced no elbow pain. Only one (1.4%) of these 
participants had experienced elbow pain. There were 99 participants that spent 6-10 hours per week 
studying at home. Of these, 96 (97%) had experienced no elbow pain while the remaining three (3%) 





home. Of these, 39 (90.7%) experienced no elbow pain. The remaining 4 (9.3%) had experienced 
elbow pain. There were 21 participants that spent 16-20 hours per week studying at home. Of these, 
18 (85.7%) experienced no elbow pain while the remaining 3 (14.3%) had experienced elbow pain.  
The p-value for studying time at home per week by presence of elbow pain was 0.032. Longer hours 
spent studying at home per week increased the likelihood of experiencing elbow pain. 
Cell phone/tablet use intensity 
Table 4.54 below shows cell phone/tablet use intensity by the presence or absence of elbow pain. 
Table 4.54 Cell phone/tablet use intensity by presence of pain 
  
How intensely do you use your cell 










Elbows No Count 46 80 100 226 
% within No 20.4% 35.4% 44.2% 100.0% 
% within All 
Participants 
88.5% 96.4% 98.0% 95.4% 
Yes Count 6 3 2 11 
% within Yes 54.5% 27.3% 18.2% 100.0% 
% within All 
Participants 
11.5% 3.6% 2.0% 4.6% 
Total Count 52 83 102 237 
% within Elbows 21.9% 35.0% 43.0% 100.0% 
 
There were 237 filled responses for Table 4.54. There were 52 participants who spent a low to 
moderate intensity of time using a cell phone or tablet for personal or university use. Of these, 46 
(88.5%) experienced no elbow pain, while the remaining 6 (11.5%) participants had experienced elbow 





personal or university use; of these, 80 (96.4%) experienced no elbow pain. The remaining three 
(3.6%) participants had experienced elbow pain. There were 102 participants who spent a very high 
intensity of time using a cell phone/tablet for personal or university use. Of these, 100 (98%) 
experienced no elbow pain, while the remaining two (2%) had experienced elbow pain. The p-value 
for intensity of cell phone or tablet use for personal and university use by presence of elbow pain was 
0.024. It is interesting that low to moderate use of cell phones or tablets increased the likelihood of 
experiencing elbow pain, as opposed to high intensity or very high intensity. 
Lifting ergonomics 
Table 4.55 shows lifting ergonomics by the presence of elbow pain. 
Table 4.55 Various lifting ergonomics by presence of pain 
  
How do you usually lift patients or 
heavy equipment? 
Total 
With your knees With your back 
Elbows No Count 94 123 217 
% within No 43.3% 56.7% 100.0% 
% within All 
Participants 
92.2% 98.4% 95.6% 
Yes Count 8 2 10 
% within Yes 80.0% 20.0% 100.0% 
% within All 
Participants 
7.8% 1.6% 4.4% 
Total Count 102 125 227 
% within Elbows 44.9% 55.1% 100.0% 
 
There were 227 participants who indicated their lifting ergonomics. Of these 227, 102 (42.7%) 
participants indicated that they lifted with their knees, and 94 (43.3%) indicated experiencing no elbow 
pain while the remaining eight (7.8%) indicated that they had experienced elbow pain. There were 125 
(52.3%) participants who lifted with their back. Of these, 123 (98.4%) had experienced no elbow pain 





presence of elbow pain was 0.023. Lifting patients or heavy equipment with knees increased the 
likelihood of experiencing elbow pain. 
 
4.6.6. Wrist and hand pain 
 
The following section, Tables 4.56 through to 4.58, detail the risk and demographic factors that 
influenced the presence or absence of wrist and hand pain in participants. 
4.6.6.1. Non-significant risk factors of musculoskeletal wrist and hand pain 
Table 4.56 shows the number of participant responses and significance level for each risk factor.  
Table 4.56 Non-significant risk factors for wrist and hand pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Gender 239 0.798 
Year of study 236 0.096 
Hours per week spent sitting in class 233 0.854 
Quality seated position 236 0.772 
Degree of repetitive movements in practical subjects 228 0.149 
Position in practical classes (i.e. sitting, standing, 
walking, or bending) 
237 0.228 
Performed in Physics/Chemistry practical classes 239 0.844 
Moving a patient 239 0.850 
Moving equipment 239 0.609 
Hours spent per week on a computer 237 0.221 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.867 
Study location (i.e. desk or bed/floor) 227 0.613 





Method of lifting patients and heavy equipment (i.e. 
with knees or with back) 
227 0.077 
Hours per week working part-time 231 0.860 
Hours per week spent exercising 236 0.859 
Fitness centre 239 0.303 
Recreational sport 239 0.173 
Running 239 0.240 
Cycling 239 0.318 
Walking 239 0.751 
Stress level over the academic year 233 0.187 
 
The table above shows the non-significant risk factors for wrist and hand pain. They will not be 
discussed further in this section as they have a p-value of more than 0.05. 
Age, height, and weight 
For age, the Mann-Whitney U test had a p-value of 0.105 for presence of hand and wrist pain. For 
height, the Mann-Whitney U test had a p-value of 0.203 for the presence of hand and wrist pain. For 
weight, the Mann-Whitney U test had a p-value of 0.624 for the presence of hand and wrist pain. The 
t-test for these demographics confirmed non-significance 
4.6.7. Significant risk factors of musculoskeletal wrist and hand pain 
Practical time in class per week 
Table 4.57 below shows the number of hours spent in practical class with the presence or absence of 
hand and wrist pain in participants. 
Table 4.57 Practical time in class per week by presence of pain 
  
Hours per week spent in practical Total 
0-5 hours 6-15 
hours 




No Count 143 23 20 186 





% within All 
Participants 
84.1% 92.0% 60.6% 81.6% 
Yes Count 27 2 13 42 
% within Yes 64.3% 4.8% 31.0% 100.0% 
% within All 
Participants 
15.9% 8.0% 39.4% 18.4% 
Total Count 170 25 33 228 
% within Wrist & 
Hands 
74.6% 11.0% 14.5% 100.0% 
 
There were 228 filled responses for Table 4.57. There were 170 participants who spent 0-5 hours per 
week in practical classes; of these, 143 (84.1%) experienced no hand and wrist pain, and the 
remaining 27 (15.9%) had experienced hand and wrist pain. There were 25 participants that spent 6-
15 hours per week in practical classes. Of these, 23 (92%) experienced no hand and wrist pain and 
the remaining two (8%) had experienced hand and wrist pain. There were 33 participants that spent 
16 hours or more per week in practical classes. Of these, 20 (60.6%) experienced no hand and wrist 
pain, while the remaining 13 (39.4%) had experienced hand and wrist pain. The p-value for practical 
time in class per week by presence of hand and wrist pain was 0.002. Longer hours spent per week 
in practical classes increased the likelihood of experiencing hand and wrist pain. 
 
Hours per week spent studying at home 
Table 4.58 shows the number of hours spent studying at home and the presence or absence of hand 









Table 4.57 Hours per week spent studying at home by presence of pain 
  
How many hours per week do you 













No Count 61 82 28 19 190 
% within No 32.1% 43.2% 14.7% 10.0% 100.0
% 
% within All 
Participants 
83.6% 82.8% 65.1% 90.5% 80.5% 
Yes Count 12 17 15 2 46 
% within Yes 26.1% 37.0% 32.6% 4.3% 100.0
% 
% within All 
Participants 
16.4% 17.2% 34.9% 9.5% 19.5% 
Total 
Wrists & Hands 
Count 73 99 43 21 236 
% within Wrists & 
Hands 
30.9% 41.9% 18.2% 8.9% 100.0
% 
 
There were 236 filled responses for Table 4.58. There were 73 participants who spent 0-5 hours per 
week studying at home. Of these, 61 (83.6%) experienced no hand and wrist pain and 12 (16.4%) had 
experienced hand and wrist pain. There were 99 participants that spent 6-10 hours per week studying 
at home. Of these, 82 (82.8%) had experienced no hand and wrist pain and 17 (17.2%) had 
experienced hand and wrist pain. There were 43 participants that spent 11-15 hours per week studying 
at home. Of these, 28 (65.1%) had experienced no hand and wrist pain while 15 (32.6%) had 
experienced hand and wrist pain. There were 21 participants that spent 16-20 hours per week studying 
at home. Of these, 19 (90.5%) experienced no hand and wrist pain and the remaining 2 (9.5%) had 





hand and wrist pain was 0.035; therefore spending 6-10 hours per week increased the likelihood of 
experiencing hand and wrist pain. 
 
4.6.7. Lower back pain 
 
The following section details the risk and demographic factors that influenced the presence or absence 
of lower back pain in participants. Tables 4.59 through to 4.65 detail the presence or absence of pain 
experienced in the lower back area. 
4.6.7.1. Non-significant risk factors of musculoskeletal lower back pain 
Table 4.59 below shows the number of participant responses and significance level for each risk factor.  
Table 4.58 Non-significant risk factors for lower back pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Quality seated position 236 0.169 
Degree of repetitive movements in practical subjects 228 0.280 
Performed in Physics/Chemistry practicals 239 0.058 
Moving a patient 239 0.353 
Moving equipment 239 0.186 
Hours spent per week at home studying 236 0.210 
Hours spent per week on a computer 237 0.426 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.088 
Study location (i.e desk or bed/floor) 227 0.519 
Hours per week working with patients 222 0.066 
Method of lifting patients and heavy equipment (i.e 
with knees or with back) 
227 0.290 
Hours per week working part-time 231 0.065 





Fitness centre 239 0.864 
Running 239 0.861 
Cycling 239 0.255 
Walking 239 0.900 
Stress level over the academic year 233 0.066 
 
The table above shows the non-significant risk factors for lower back pain. They will not be discussed 
further in this section as they have a p-value of more than 0.05. 
Age, height, and weight 
For age, the Mann-Whitney U test had a p-value of 0.054 for presence of lower back pain. For height, 
the Mann-Whitney U test had a p-value of 0.507 for the presence of lower back pain. For weight, the 
Mann-Whitney U test had a p-value of 0.180 for the presence of lower back pain. The t-test for these 
demographics confirmed non-significance. 
4.6.7.2. Significant risk factors of musculoskeletal lower back pain 
Gender 
Table 4.60 shows the gender of the participants by the presence or absence of lower back pain. 




Lower back No Count 80 32 112 
% within No 71.4% 28.6% 100.0% 
% within All 
Participants 
42.1% 65.3% 46.9% 
Yes Count 110 17 127 
% within Yes 86.6% 13.4% 100.0% 
% within All 
Participants  
57.9% 34.7% 53.1% 
Total Count 190 49 239 






All 239 participants responded for Table 4.60. There were 190 female participants, and of these 80 
(42.1%) had experienced no lower back pain while the remaining 110 (57.9%) had experienced lower 
back pain. There were 49 male participants. Of these, 32 (65.3%) had experienced no lower back pain 
and 17 (34.7%) had experienced lower back pain. The p-value for gender by presence of lower back 
pain was 0.004. Being female increased the likelihood of experiencing lower back pain. 
Year of study 
Table 4.61 shows the year of study of the participants with the presence or absence of lower back pain. 
Table 4.60 Year of study by presence of pain 
  
What year are you in? Total 
1st 2nd 3rd 4th 
Lower 
back 
No Count 47 21 23 19 110 
% within No 42.7% 19.1% 20.9% 17.3% 100.0
% 
% within All 
Participants 
52.2% 58.3% 46.0% 31.7% 46.6% 
Yes Count 43 15 27 41 126 
% within Yes 34.1% 11.9% 21.4% 32.5% 100.0
% 
% within All 
Participants  
47.8% 41.7% 54.0% 68.3% 53.4% 
Total Count 90 36 50 60 236 
% within Lower Back 38.1% 15.3% 21.2% 25.4% 100.0
% 
 
There were 236 filled responses in Table 4.61. There were 90 first-year participants; 47 (52.2%) of 
them had experienced no lower back pain while the remaining 43 (47.8%) had experienced lower back 
pain. There were 36 second-year participants; 21 (58.3%) had experienced no lower back pain and 





had experienced no lower back pain and 27 (54%) had experienced lower back pain. In fourth year, 
there were 60 participants in total, 19 (31.7%) experienced no lower back pain, while the remaining 
41 (68.3%) had experienced pain. The p-value for year of study of participants by presence of lower 
back pain was 0.036; therefore later year of studies increased the likelihood of experiencing lower 
back pain.  
Hours per week spent sitting in class 
The table below, Table 4.62 shows the number of hours spent sitting in class by the presence or 
absence of lower back pain. 
Table 4.61 Hours per week spent sitting in class by presence of pain 
  
Hours per week spent sitting in 
class 
Total 







No Count 44 38 25 107 
% within No 41.1% 35.5% 23.4% 100.0% 
% within All 
Participants 
58.7% 39.6% 40.3% 45.9% 
Yes Count 31 58 37 126 
% within Yes 24.6% 46.0% 29.4% 100.0% 
% within All 
Participants  
41.3% 60.4% 59.7% 54.1% 
Total Count 75 96 62 233 
% within Lower 
Back 
32.2% 41.2% 26.6% 100.0% 
 
There were 233 responses for Table 4.62. There were 75 participants who spent fewer than 10 hours 
a week sitting in class, and of these 44 (58.7%) experienced no lower back pain and 31 (41.3%) had 





in class. Of these, 38 (39.6%) experienced no lower back pain and the remaining 58 (60.4%) had 
experienced lower back pain. There were 62 participants that spent more than 20 hours a week sitting 
in class. Of these, 25 (23.4%) experienced no lower back pain and the remaining 37 (59.7%) had 
experienced lower back pain. The p-value for hours per week spent sitting in class by presence of 
lower back pain was 0.027; thus sitting for 10 hours or more per week in class increased the likelihood 
of experiencing lower back pain. 
Practical time in class per week 
Table 4.63 shows number of hours spent in practical classes per week with the presence or absence 
of lower back pain 
Table 4.62 Practical time in class per week by presence of pain 
  
Hours per week spent in practical Total 







No Count 84 15 7 106 
% within No 79.2% 14.2% 6.6% 100.0% 
% within All 
Participants 
49.4% 60.0% 21.2% 46.5% 
Yes Count 86 10 26 122 
% within Yes 70.5% 8.2% 21.3% 100.0% 
% within All 
Participants  
50.6% 40.0% 78.8% 53.5% 
Total Count 170 25 33 228 
% within Lower 
Back 
74.6% 11.0% 14.5% 100.0% 
 
There were 228 filled responses for Table 4.63. There were 170 participants who spent 0-5 hours per 
week in practical classes, of these 84 (49.4%) experienced no lower back pain and 86 (50.6%) had 





classes. Of these, 15 (60%) experienced no lower back pain while the remaining 10 (40%) had 
experienced lower back pain. There were 33 participants that spent 16 hours or more per week in 
practical classes. Of these, 7 (21.2%) experienced no lower back pain and 26 (78.8%) had experienced 
lower back pain. The p-value for practical time in class per week by presence of lower back pain was 
0.004; therefore, longer hours per week spent in practical classes increased the likelihood of 
experiencing lower back pain. 
Practical class activity postures 
Table 4.64 shows the activity posture types adopted in practical classes by the presence or absence of 
lower back pain. 
Table 4.63 Type of practical class activity postures by presence of pain 
  
During practical classes do you 
mostly: 
Total 






No Count 34 55 12 9 110 
% within No 30.9% 50.0% 10.9% 8.2% 100.0
% 
% within All 
Participants 
65.4% 39.6% 46.2% 45.0% 46.4% 
Yes Count 18 84 14 11 127 
% within Yes 14.2% 66.1% 11.0% 8.7% 100.0
% 
% within All 
Participants  
34.6% 60.4% 53.8% 55.0% 53.6% 
Total Count 52 139 26 20 237 
% within Lower 
Back 







There were 237 filled responses for Table 4.64. There were 52 participants that sat down during practical 
classes, and of these, 34 (65.4%) had experienced no lower back pain while 18 (34.6%) had 
experienced lower back pain. There were 139 participants that indicated they stood during practical 
classes. Of these, 55 (39.6%) experienced no lower back pain while the remaining 84 (60.4%) had 
experienced lower back pain. There were 26 participants that indicated they walked around during 
practical classes. Of these, 12 (46.2%) experienced no lower back pain while 14 (53.8%) had 
experienced lower back pain. There were 20 participants that indicated they bent over patients during 
practical classes. Of these, nine (45.0%) experienced no pain while 11 (55.0%) had experienced lower 
back pain. The p-value for practical activity posture with the presence of lower back pain was 0.017. 
Standing in practical classes increased the likelihood of experiencing lower back pain. 
Recreational sport 
Table 4.65 shows the number of participants that participated in recreational sports by the presence or 
absence of lower back pain. 
Table 4.64 Performance of recreational sport by presence of pain 
  




No Count 108 4 112 
% within No 96.4% 3.6% 100.0% 
% within All 
Participants 
49.1% 21.1% 46.9% 
Yes Count 112 15 127 
% within Yes 88.2% 11.8% 100.0% 
% within All 
Participants  
50.9% 78.9% 53.1% 
Total Count 220 19 239 
% within Lower Back 92.1% 7.9% 100.0% 
 
All 239 participants indicated their participation in recreational sport. There were 220 participants that 





and the remaining 112 (50.9%) had experienced lower back pain. There were 19 (7.9%) participants 
that took part in recreational sports. Of these, 4 (21.1%) of them had no lower back pain and 15 
(78.9%) of them had experienced lower back pain. The p-value for lower back pain in recreational 
sports was 0.019; thus participating in recreational sport increased the likelihood of experiencing lower 
back pain. 
 
4.6.8. Hip and thigh pain 
 
The following section details the risk and demographic factors that influenced the presence or absence 
of hip and thigh pain in participants. Tables 4.66 through to 4.68 detail the presence or absence of pain 
experienced in the hip and thigh area. 
4.6.8.1. Non-significant risk factors of musculoskeletal hip and thigh pain 

















Table 4.65 Non-significant risk factors for hip and thigh pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Gender 239 0.498 
Year of study 236 0.442 
Hours per week spent sitting in class 233 0.141 
Quality seated position 236 0.166 
Hours per week spent in practical 228 0.635 
Degree of repetitive movements in practical subjects 228 0.099 
Position in practical classes (i.e. sitting, standing, 
walking or bending) 
237 0.565 
Performed in Physics/Chemistry practical classes 239 0.158 
Moving a patient 239 0.991 
Moving equipment 239 0.189 
Hours spent per week at home studying 236 0.533 
Hours spent per week on a computer 237 0.733 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.378 
Study location (i.e. desk or bed/floor) 227 0.335 
Hours per week working with patients 222 0.990 
Method of lifting patients and heavy equipment (i.e. 
with knees or with back) 
227 0.622 
Hours per week working part-time 231 0.283 
Hours per week spent exercising 236 0.682 
Fitness centre 239 0.621 
Recreational sport 239 0.297 
Running 239 0.921 
Cycling 239 0.352 
Walking 239 0.070 






The table above shows the non-significant risk factors for hip and thigh pain. They will not be discussed 
further in this section as they have a p-value of more than 0.05. 
4.6.8.2. Significant risk factors of musculoskeletal hip and thigh pain 
Age, height, and weight 
Table 4.67 shows the sample size, mean, standard deviation, minimum and maximum for age, height, 
and weight for participants.  











Age at last birthday: 239 21.176 2.465 18 32 0.026 
Height (m): 166 1.628 0.125 1.20 1.90 0.512 
Weight (kg): 196 65.694 15.737 40 135 0.626 
 
For age, the Mann-Whitney U test had a p-value of 0.026 for presence of hip and thigh pain. For height, 
the Mann-Whitney U test had a p-value of 0.512 for the presence of hip and thigh pain. For weight, the 
Mann-Whitney U test had a p-value of 0.626 for the presence of hip and thigh pain. The t-test for the 
demographics of height weight confirmed non-significance. The t-test for the demographic of age was 
0.834; as stated initially, however, Mann-Whitney U test results will take preference for significance in 
this study. 
Table 4.68 shows the sample size, mean, standard deviation, minimum and maximum for age of 









Table 4.67 Descriptive statistics for age by presence of pain in hips and thighs 








Age at last 
birthday 
No 197 21.06 2.471 0.176 
Yes 42 21.74 2.390 0.369 
 
In the table above, the mean age without the presence of hip and thigh pain was 21.06 years with a 
standard deviation of 2.471 years with n=197 participants. The mean age with the presence of hip and 
thigh pain was 21.74 years with a standard deviation of 2.390 years; the Mann-Whitney U test for 
weight had a p-value of 0.026 for the presence of hip and thigh pain. Increased age increased the 
likelihood of experiencing hip and thigh pain. 
 
4.6.9. Knee pain 
 
The following section details the risk and demographic factors that influenced the presence or absence 
of knee pain in participants. Tables 4.69 through to 4.74 details the presence or absence of pain 
experienced in the knee area. 
4.6.9.1. Non-significant risk factors of musculoskeletal knee pain 












Table 4.68 Non-significant risk factors for knee pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Gender 239 0.684 
Year of study 236 0.462 
Hours per week spent sitting in class 233 0.272 
Quality seated position 236 0.869 
Degree of repetitive movements in practical subjects 228 0.783 
Position in practical classes (i.e. sitting, standing, 
walking, or bending) 
237 0.234 
Performed in Physics/Chemistry practical classes 239 0.336 
Moving a patient 239 0.966 
Moving equipment 239 0.218 
Hours spent per week at home studying 236 0.091 
Hours spent per week on a computer 237 0.131 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.385 
Study location (i.e. desk or bed/floor) 227 0.073 
Hours per week working with patients 222 0.208 
Hours per week working part-time 231 0.053 
Hours per week spent exercising 236 0.204 
Fitness centre 239 0.939 
Running 239 0.351 
Cycling 239 0.988 
Walking 239 0.162 
Stress level over the academic year 233 0.422 
 
The table above shows the non-significant risk factors for knee pain. They will not be discussed further 





4.6.9.2. Significant risk factors of musculoskeletal knee pain 
Age, height and weight 
Table 4.70 shows the sample size, mean, standard deviation, minimum and maximum for age, height 
and weight for participants.  











Age at last birthday: 239 21.176 2.465 18 32 0.291 
Height (m): 166 1.628 0.125 1.20 1.90 0.025 
Weight (kg): 196 65.694 15.737 40 135 0.076 
 
For age, the Mann-Whitney U test had a p-value of 0.291 for presence of knee pain. For height, the 
Mann-Whitney U test had a p-value of 0.025 for the presence of knee pain. For weight, the Mann-
Whitney U test had a p-value of 0.076 for the presence of knee pain. The t-test for the demographics 
of age and weight confirmed non-significance. The t-test for the demographic of height was 0.823; as 
stated initially, however, Mann-Whitney U test results will take preference for significance in this study. 
 
Table 4.71 shows the sample size, mean, standard deviation, minimum and maximum for the height 
of participants who experienced did or did not experience pain in their knees. 
Table 4.70 Descriptive statistics for height by presence of pain in knees 
Variable Knees Sample 
size (n) 




Height (m) No 119 1.615 0.126 0.012 






In the table above, the mean height without the presence of knee pain was 1.615 m with a standard 
deviation of 0.126 m with n=119 participants. The mean age with the presence of knee pain was 1.661 
m with a standard deviation of 0.881 m. The Mann-Whitney U test for height had a p-value of 0.025 
for the presence of knee pain. Taller individuals had an increased likelihood of experiencing knee pain. 
Practical time in class per week 
Table 4.72 shows the number of hours spent in practical classes with the presence or absence of 
pain in the knees. 
Table 4.71 Practical time in class per week by presence of pain 
  
Hours per week spent in practical Total 





Knees No Count 128 23 21 172 
% within No 74.4% 13.4% 12.2% 100.0% 
% within All 
Participants 
75.3% 92.0% 63.6% 75.4% 
Yes Count 42 2 12 56 
% within Yes 75.0% 3.6% 21.4% 100.0% 
% within All 
Participants 
24.7% 8.0% 36.4% 24.6% 
Total Count 170 25 33 228 
% within Knees 74.6% 11.0% 14.5% 100.0% 
 
There were 228 filled responses. There were 170 participants who spent 0-5 hours per week in 
practical classes; of these 128 (75.3%) experienced no knee pain and 42 (24.7%) had experienced 
knee pain. There were 25 participants that spent 6-15 hours per week in practical classes. Of these, 
23 (92%) experienced no knee pain and the remaining two (8%) had experienced knee pain. There 
were 33 participants that spent 16 hours or more per week in practical classes. Of these, 21 (63.6%) 





in class per week by presence of knee pain was 0.045. Longer hours spent in practical classes per 
week increased the likelihood of experiencing knee pain. 
Lifting ergonomics 
Table 4.73 shows the lifting ergonomics of participants and the presence or absence of knee pain. 
Table 4.72 Type of lifting ergonomics by presence of pain 
  
How do you usually lift 







Knees No Count 68 102 170 
% within No 40.0% 60.0% 100.0% 
% within All 
Participants 
66.7% 81.6% 74.9% 
Yes Count 34 23 57 
% within Yes 59.6% 40.4% 100.0% 
% within All 
Participants 
33.3% 18.4% 25.1% 
Total Count 102 125 227 
% within Knees 44.9% 55.1% 100.0% 
 
There were 227 participants that indicated lifting position. There were 102 (42.7%) participants that 
indicate they lift with their knees. Of these, 68 (66.7%) had experienced no knee pain and the 
remaining 34 (33.3%) had experienced knee pain. There were 125 (52.3%) participants that lift with 
their backs. Of these, 102 (81.6%) had experienced no knee pain while the remaining 23 (18.4%) had 
experienced knee pain. The p-value for knee pain with lifting ergonomics is 0.010. Lifting with the 






Table 4.74 shows the number of participants that participate in recreational sport and the presence or 
absence of knee pain. 
Table 4.73 Performance of recreational sport by presence of pain 
  
Recreational Sport Total 
Not marked Marked 
Knees No Count 170 10 180 
% within No 94.4% 5.6% 100.0% 
% within All 
Participants 
77.3% 52.6% 75.3% 
Yes Count 50 9 59 
% within Yes 84.7% 15.3% 100.0% 
% within All 
Participants 
22.7% 47.4% 24.7% 
Total Count 220 19 239 
% within Knees 92.1% 7.9% 100.0% 
 
All 239 participants indicated their participation in recreational sport. There were 220 participants that 
did not participate in recreational sports. Of these, 170 (77.3%) had experienced no knee pain and the 
remaining 50 (22.7%) had experienced knee pain. There were 19 (7.9%) participants that took part in 
recreational sports. Of these, 10 (52.5%) had no knee pain and the remaining nine (47.4%) had 
experienced knee pain. The p-value for knee pain in recreational sports was 0.017. Participating in 
recreational sports increased the likelihood of experiencing knee pain.  
 
4.6.10. Ankle and foot pain 
 
The following section details the risk and demographic factors that influenced the presence or absence 
of ankle and foot pain in participants. Tables 4.75 through to 4.77 detail the presence or absence of 





4.6.10.1. Non-significant risk factors of musculoskeletal ankle and foot pain 
Table 4.75 below shows the number of participant responses and significance level for each risk factor.  
Table 4.74 Non-significant risk factors for ankle and foot pain 
Variable Sample Size (n) Pearson Chi-
Square p-value 
Gender 239 0.783 
Year of study 236 0.929 
Hours per week spent sitting in class 233 0.824 
Quality seated position 236 0.242 
Degree of repetitive movements in practical subjects 228 0.340 
Position in practical classes (i.e. sitting, standing, 
walking, or bending) 
237 0.392 
Performed in Physics/Chemistry practical classes 239 0.954 
Moving a patient 239 0.143 
Moving equipment 239 0.738 
Hours spent per week at home studying 236 0.066 
Hours spent per week on a computer 237 0.615 
Intensity of cell phone/tablet use for personal and 
university matters 
237 0.399 
Study location (i.e. desk or bed/floor) 227 0.547 
Hours per week working with patients 222 0.363 
Method of lifting patients and heavy equipment (i.e. 
with knees or with back) 
227 0.315 
Hours per week working part-time 231 0.247 
Hours per week spent exercising 236 0.952 
Fitness centre 239 0.411 
Running 239 0.791 
Cycling 239 0.270 
Walking 239 0.945 






The table above shows the non-significant risk factors for ankle and foot pain. They will not be 
discussed further in this section as they have a p-value of more than 0.05. 
Age, height and weight 
For age, the Mann-Whitney U test had a p-value of 0.849 for presence of ankle and foot pain. For 
height, the Mann-Whitney U test had a p-value of 0.877 for the presence of ankle and foot pain. For 
weight, the Mann-Whitney U test had a p-value of 0.932 for the presence of ankle and foot pain. The 
t-test for these demographics confirmed non-significance. 
4.6.10.2. Significant risk factors of musculoskeletal ankle and foot pain 
Practical time in class per week 
Table 4.76 shows the number of hours spent in practical classes per week by the presence or absence 
of pain in the ankles and feet. 
Table 4.75 Practical time in class per week by presence of pain 
 
  
Hours per week spent in practical Total 







No Count 133 22 20 175 
% within No 76.0% 12.6% 11.4% 100.0% 
% within All 
Participants 
78.2% 88.0% 60.6% 76.8% 
Yes Count 37 3 13 53 
% within Yes 69.8% 5.7% 24.5% 100.0% 
% within All 
Participants 
21.8% 12.0% 39.4% 23.2% 
Total Count 170 25 33 228 
% within Ankles & 
Feet 





There were 228 filled responses. There were 170 participants who spent 0-5 hours per week in practical 
classes. Of these, 133 (78.2%) experienced no ankle and foot pain and the remaining 37 (21.8%) had 
experienced ankle and foot pain. There were 25 participants that spent 6-15 hours per week in practical 
classes. Of these, 22 (88%) experienced no ankle and foot pain and three (12%) had experienced ankle 
and foot pain. There were 33 participants that spent 16 hours or more per week in practical classes. Of 
these, 20 (60.6%) had experienced no ankle and foot pain and the remaining 13 (39.4%) had 
experienced ankle and foot pain. The p-value for practical time in class per week by presence of ankle 
and foot pain was 0.033. Spending 0-5 hours per week in practical classes increased the likelihood of 
experiencing ankle and foot pain. 
Recreational sport 
Table 4.77 shows the number of participants that participate in recreational sports with the presence 
of absence of ankle and foot pain. 
Table 4.76 Performance of recreational sport by presence of pain 
  
Recreational Sport 
Total Unfilled Filled 
Ankles & 
Feet 
No Count 173 11 184 
% within No 94.0% 6.0% 100.0% 
% within All 
Participants 
78.6% 57.9% 77.0% 
Yes Count 47 8 55 
% within Yes 85.5% 14.5% 100.0% 
% within All 
Participants 
21.4% 42.1% 23.0% 
Total Count 220 19 239 
% within Ankles & 
Feet 
92.1% 7.9% 100.0% 
 
All 239 participants indicated their participation in recreational sports. There were 220 participants that 





the remaining 47 (21.4%) had experienced ankle and foot pain. There were 19 (7.9%) participants that 
took part in recreational sports. Of these, 11 (57.9%) of them had no ankle and foot pain and the 
remaining eight (42.1%) of them had experienced ankle and foot pain. The p-value for ankle and foot 
pain in recreational sports was 0.039; therefore participating in recreational sports increased the 



























This chapter discusses the results of the query into the prevalence of musculoskeletal disorders in 
Medical Imaging and Radiation Sciences undergraduate students. Furthermore the demographic 
factors and risk factors that are most likely to result in musculoskeletal pain in these participants will be 
discussed. There were some risk factors that were of interest as they were of statistical significance in 
the development of pain in participants. Musculoskeletal disease is however multifactorial, and no single 
factor will be more indicative of musculoskeletal pain. The risk factors will merely increase the likelihood 
of development of pain (Evanoff, Dale & Descatha, 2014). 
 
5.2 Prevalence of musculoskeletal disorders 
 
A high percentage of participants (89.1%) had experienced pain in their lifetime, with the most indicated 
having experienced pain in three body areas, followed by two areas of pain. This is less than found by 
Can & Karaca (2019), with approximately half of the university students that participated having 
experienced pain in at least four areas (neck, shoulder, upper and lower back). This deviation with the 
current study may be due to the targeted student group and not randomised university students as done 
by Can & Karaca (2019). Work-related musculoskeletal disease is caused by repetitive movements, 
and as Medical Imaging and Radiation students are often already working in similar conditions to their 
future profession, the repetition is already present to a large degree.  
The 12-month prevalence of musculoskeletal pain was 77.8% in one or more body areas. This was 
more than found by Alshagga et al. (2013), which found a 12-month prevalence of 65.1% in medical 
students. This is probably due to the differing course content and course work done by these various 
students. The high 12-month prevalence does however indicate that this is an area that requires 
attention and further investigation. In the 12 months preceding completion of the questionnaire, 20.1% 
of participants had experienced pain in one body area and at the time of the questionnaire, 18.4% of 





The specific body areas affected in their lifetime had the highest percentages in lower back pain, 
followed by neck pain and shoulder pain in this study. The study done by Vujcic, Stojilovic, Dubljanin, 
Ladjevic, & Sipetic-Grujicic (2018) found that 75.8% of medical students experienced lower back pain 
in their lifetime, significantly higher than in this study. The percentages found by Vujcic et al. (2018) 
were similar to the study done by Falavigna, Teles, Mazzocchin, De Braga, Kleber, Barreto et al. (2011) 
that showed the lifetime and 12-month prevalence of lower back pain in medical and physiotherapy 
students were 77.9% and 66.8% respectively. These differences to this study may be due to the fact 
that medical students have a longer course duration than medical imaging and radiation sciences 
students. Physiotherapy students have the same course duration but have different course content, 
which may account for higher lower back pain in this group, as patient intervention treatment is much 
higher. As has been found by Smith, Kondo, Tanaka, Tanaka, Hirasawa & Yamagata (2003), the 
prevalence of musculoskeletal disorders has been found to differ in various countries and across 
different professions.  
In the 12 months preceding completion of the questionnaire, the most prevalent complaint was lower 
back pain, followed by neck pain. The percentage of lower back pain was similar to the 59.5% 
prevalence of 12-month lower back pain in a study of medical students in Serbia (Vujcic et al., 2018). 
The perceived pain in all regions in this study was much higher than the study done on laboratory 
training in university medical science students in Sydney, Australia, where the most common sites of 
reported musculoskeletal problems in the preceding 12 months were the lower back (27.3%), neck 
(23.6%), upper back (20.0%), and shoulders (15.5%) (Penkala et al., 2018). This may be due to the fact 
that laboratory training does not involve moving heavy objects or preparing patients.  
The values of the current study were however lower than found by Almhdawi, Mathiowetz, Al-Hourani, 
Khader, Kanaan & Alhasan (2017), wherein radiological technology students at a university in Jordan 
had a 64% high of reported neck pain in the 12 months preceding their study. The current pain in 
participants had the highest percentages in lower back and neck. The percentages of participants were 
slightly lower than the (17.2%) found by Vujcic et al. (2018) for current lower back pain. Each study will 
inevitably have different prevalence rates as they use different methodologies, their study populations 
will differ as well as basic structuring of questions and examined symptoms will vary widely (Oksanen 










Age was a significant demographical factor for overall pain experienced in one or more body areas. 
Older participants experienced more pain overall than younger participants. Furthermore, age was a 
significant demographical factor for the presence of hip and thigh pain in participants, with older 
participants experiencing more pain. This was concurrent with the findings of Lorusso et al. (2010), who 
found the mean age of student participants with musculoskeletal pain was 22.6 years and participants 
with no symptoms were 21.9 years. This researcher could find no corresponding research on the 
prevalence of hip pain in the young adult demographic presented in this research and the narrow range 
thereof. Aging has however been found to be a risk factor for hip pain and is thought to have a negative 
effect on the ability of the joint to protect itself from biomechanical stress increasing risk of osteoarthritis 
(Chaganti & Lane, 2011). In a National Survey in the United States of America it was found that a total 
of 14.3% of participants aged 60 years and older reported substantial hip pain on most days over the 




Height was a significant demographic factor for knee pain, with the mean height for knee pain 1.66 m 
and the mean height of participants that did not experience knee pain 1.62 m. Very few literary studies 
found by this researcher have found correlation between height and musculoskeletal pain or disorders. 
Haas, Naser, Haenel, Fraeulin, Holzgreve, Erbe et al. (2020) found only weak correlations between 
body height and weight (and not for BMI and age) and musculoskeletal disorders for 12-month and 
seven-day prevalence. They reasoned that an increase, particularly in body height, may increase the 
risk of musculoskeletal disorders. In regards to knee pain a study done in Beijing on knee height (that 
equates to roughly 30% of proportional body height)  suggested that higher knee height was associated 





symptomatic osteoarthritis has pain as presenting a symptom this was ascribed to the increased torque 




Weight was significant for the presence of elbow pain in participants, with the mean weight for elbow 
pain being 73.11 kg. The weight for no pain in the elbows was 65.34 kg thus showing that an increased 
body weight increased the risk for developing elbow pain. This was iterated by a study done on 
Portuguese office workers showed a statistical significance for elbow pain and being overweight in the 
preceding 7 days. This may indicate that higher body weight may increase the predilection for elbow 
pain (Moreira-Silva et al., 2013). It was found that overweight/obese employees have an increased risk 
of developing work-related musculoskeletal disorders in the study done by Yasobant and Rajkumar, 





Gender was statistically significant for the development of upper back pain and lower back pain, with a 
higher percentage of female students having upper back pain compared to male students. These 
findings correlated with Hasan, Yaqoob, Ali & Siddiqui (2018), who found the prevalence of 
musculoskeletal pain was higher among women. Female medical students in another study reported 
significantly higher 12-month and lifetime prevalence, compared to male students, while the current 
prevalence of lower back pain was similar in both genders (Vujcic et al., 2018). Furthermore, Yasobant 
& Rajkumar (2014) found that female health professionals have nearly double the risk for developing 
musculoskeletal disorders than male health professionals. However, there are studies that have found 
the inverse to be true, as in a study in Australia that showed the prevalence of pain was high among 
male undergraduates (Smith & Leggat, 2004). The target group and the demographic thereof can be 






5.4. Risk Factors  
 
There were several risk factors that were more statistically significant than others in these participants. 
They will each be discussed separately, as well as the body areas they affected. Other risk factors were 
not significant for the development of musculoskeletal pain; this does not mean that these risk factors 
will never be a cause of musculoskeletal pain, but that they are not statistically significant for this group.  
 
5.4.1. Number of hours spent in practical classes 
 
More than a third of participants indicated moving patients, and another 30.4% of participants indicated 
moving equipment, as the most common activities during practical classes. This correlates with the 
postgraduate work activities of X-ray technologists (Siegal et al., 2010). Most of the radiological 
technologists (85%) in the United Arab Emirates study done by Elshami, Abuzaid, Ateeq, Al Fozan & 
Zira (2018) verified that they carry and move heavy equipment, including portable machines, C-arms, 
cassettes and lead protection equipment, with a frequency between five and ten times per day. These 
findings correlate with moving of equipment and the postures assumed in the current study. Participants 
in this study indicated that the most common posture assumed in practical classes was standing, 
followed by sitting.  
The research by Dong, Zhang, Lui, Shao & Xu (2019) showed that any sustained or frequent posture 
contributed to healthcare worker’s musculoskeletal pain. These were listed as frequent forward bending, 
lifting, excessive walking, standing for extended bouts, and maintaining shoulder abduction for long 
periods.  
The total number of hours spent in practical classes was significant for the development of 
musculoskeletal pain in participants, with 16 hours or more spent in class per week being the most 
reported timeframe. Pain was experienced in overall body areas in the 12 months preceding completion 
of the questionnaire: neck, shoulder, hand and wrist, upper back, lower back, knee, and ankle and foot. 
Thus seven out of the nine areas investigated were statistically affected by pain due to 16 hours or more 
spent in practical classes. This is a very high number of areas affected due to long hours spent in 





Sixteen hours or more was the most reported number of hours to have a significant effect on the 
experience of pain. This was then followed by 0-5 hours spent in class per week; as practical class load 
increases with later year of study, this time was more likely to have been indicated by the first-year 
students. These students spend their class time alternately with more theoretical classes, thus sitting in 
class for longer hours.  
The total number of hours spent in practical classes was statistically significant for overall body areas 
in pain in the 12 months preceding completion of the questionnaire. A very high percentage of 
participants that spent 16 hours or more in practical classes reported having had pain in one or more 
body area in the preceding 12 months. This was followed by a high percentage of participants that spent 
0-5 hours a week in practical classes per week who reported having had pain. 
This was also a significant risk factor for the development of neck pain. 57.6% of participants that spent 
16 or more hours per week in practical classes had experienced neck pain. 45.9% of participants that 
spent 0-5 hours per week in practical classes indicated that they had experienced neck pain in the 12 
months preceding completion of the questionnaire. 
Shoulder pain: Kumar, Moro & Narayan (2003) found that some of the activities performed by 
radiographic technologists are at strange joint angles, such as moving X-ray tubes. In this activity, the 
shoulders must be flexed close to 150° to 180° and adducted or abducted and may be the cause of 
pain. This may indicate that the repetitive movements in long practical classes will increase the 
likelihood of experiencing shoulder pain due to the required movements.  
Hand and wrist pain: Students handle two different digital cassette sizes frequently at the University of 
Johannesburg as patients often have multiple X-rays taken, this is notwithstanding their clinical work 
experience at hospitals and clinics which adds further cassette handling. This has been found to be a 
demanding task due to frequency and not necessarily the extent of the force needed (Kumar et al., 
2003).  
Upper back pain: A similar study done on dental students indicated that pain in the thoracic spine had 
a higher frequency among students who remained in clinical care for an average of four hours or more 
per day (Paz et al., 2018). 
These results were echoed in a study conducted on various allied health students, some students had 





fourth-year students. It illustrated the clinical training load and the average time spent in school were 
significant predictors of 12-month musculoskeletal pain in upper and lower back, and hips/thighs 
(Almhdawi et al., 2017). This indicates that healthcare students are affected by long hours of practical 
classes across many courses and across the world which indicates the opportunity to asses and change 
behaviours which has the possibility to benefit many students in the future. 
Dong et al. (2019) found that extended walking and prolonged standing contributed to knee 
musculoskeletal pain in Chinese healthcare professionals. Lastly ankle and foot pain were experienced 
by 39.4% of participants that spent 16 hours or more in practical classes, this may be likened to lower 
limb pain due to standing as is the case highlighted by Dong et al. (2019). 
 
5.4.2 Recreational Sport 
 
The participation in recreational sport was significant for overall body areas in pain in the last 12 months 
as well as lower back, shoulder, knee and, ankle and foot pain. All 19 participants that indicated 
participating in recreational sport had experienced pain in the overall category. This was slightly contrary 
to the findings of Landmark, Romundstad, Borchgrevink, Kaasa & Dale (2011), that found participants 
aged 20 to 64 years that exercised two to three times a week, had a decrease of 10% in the prevalence 
of chronic pain in comparison to those who did not exercise. However, for both genders exercising four 
times or more per week, the prevalence of chronic pain was comparable to those not exercising, as high 
intensity or duration, as in elite sports, for example, may lead to injuries (Søgaard & Sjøgaard, 2017). 
The reporting of shoulder pain in this study due to recreational sports was much higher than a study on 
recreational surfers, who indicated 24.7% of participants suffered from shoulder musculoskeletal pain 
(Furness et al., 2014).  
Lower back pain was reported by a high number of participants. This was similar to the study done by 
Vujciic et al. (2018), which found that intensive sport activities were a reported trigger for lower back 
pain in participants. It was found by Trompeter, Fett & Platen (2016) that a higher frequency of physical 
activity was a protective factor against lower back pain but it could also be a risk factor for it this was 
iterated by Søgaard & Sjøgaard (2017) that found disproportionate amounts of activity with high 





pain and musculoskeletal disease. The participants in the current research did not indicate their sporting 
activities under recreational sport, making this a difficult a statistic to investigate properly and direct 
correlations cannot be drawn with much certainty.  
 
5.4.3 Lifting ergonomics  
 
The method by which participants lifted heavy equipment was significant for elbow pain with 7.8% of 
participants that lifted with their knees bent indicating having experienced elbow pain, while only 1.6% 
of participants that lifted with their back/stooping experienced elbow pain. This correlated with the results 
of the study done by van der Have, Van Rossom & Jonkers (2019) that found overall loading is higher 
in the shoulder and elbow during the squat compared to the stoop due to greater moment impulse in 
shoulder and elbow. In addition they further more found, increased muscle effort of the biceps brachii 
muscle and descending fibres of the trapezius muscle particularly throughout the lowering phase, 
allowing the conclusion that there is more risk of injury for the shoulder and elbow during repetitive lifting 
with the knees. 
The method by which participants lifted heavy equipment was statistically significant for knee pain. Thirty 
three percent of participants that lifted with their knees experienced knee pain and 18.4% of participants 
that lifted with their back experienced knee pain. Hwang, Kim & Kim (2009) found in their study of the 
biomechanics of the lower extremities during stoop and squat lifting that; the ankle, hip and lumbar joints 
produced force and only the knee joint absorbed force in the squat lifting position. Furthermore, they 
found that the ankle and knee joints absorbed force and the hip and lumbar joints produced force in the 
stoop lifting position. This may increase the predilection of developing knee pain due to lifting in either 
position, but more so in the squat/lifting with knees position as more force is absorbed by the knees 
during squat lifting. 
 
5.4.4 Year of study 
 
The year of study was statistically significant for overall number of body areas in pain in the 12 months 





pain in the preceding 12 months in one or more body area. The fourth-year students reported a 90% 
incidence of having had pain in the preceding 12 months. These findings were different from those of 
Hendi, Abdulaziz, Althaqafi, Hindi, Khan & Atalla (2019), who found that among second-year students, 
23.6% had more frequent musculoskeletal pain than first-year students. Furthermore, another research 
study also concluded that medical students of all other years, when compared with the first year, 
experienced an increased risk for musculoskeletal pain (Falavigna et al., 2011). The number is however 
much lower than the participants in this study overall. Students in their first year of study more than 
likely have increased study load which translates to longer hours spent sitting and studying. In the final 
year of study the Medical Imaging and Radiation Sciences students spend many hours working at 
hospitals and clinics which may increase the risk factor of developing musculoskeletal pain.  
The year of study was statistically significant for lower back pain, with the highest number of first-year 
students reporting pain, followed by fourth-year students. The research of Leggat, Smith & Clark (2008) 
and Lorusso, Vimercati & L’Abbate (2010), who found that lower back pain rose through the years of 
study in occupational therapy and X-ray technology students, confirms these findings. 
 
5.4.5. Hours spent sitting in class 
 
A study in Saudi Arabia determined that medical students spent more time in sitting positions for reading, 
writing and computer use for their academic activities (Gharib & Hamid, 2013). The number of hours 
spent sitting in class was statistically significant for overall number of body areas in pain, with the highest 
percentage of participants spending 10-20 hours per week sitting in class having experienced pain in 
the preceding 12 months, followed by participants that spent more than 20 hours a week sitting in class. 
It was found that stationary and extended sitting, irrespective of time for rest, can lead to higher muscle 
tautness and fatigue. It also has the capability of increasing pain in long term and in the absence of 
ergonomic changes, this can lead to an rise in the frequency of musculoskeletal disorders (Ansari et al., 
2017). 
In the lower back area, the highest reported number of participants that spent 10-20 hours per week 
sitting in class indicated having had experienced lower back pain. Furthermore, 59.7% of participants 





Todd, Bennett & Christie (2007) stated that extended sitting and extended stationary postures may 
increase upper and lower back pain risk. 
 
5.4.6. Posture in practical classes (sitting, standing, walking, or bending) 
 
Over half of people who have never experienced a low back injury will develop transient low back pain 
when carrying out a lengthy standing work-related experiments where there is no option to sit 
(Gallagher, 2014). The posture of participants in practical classes was significant, with participants that 
were standing reported having experienced lower back pain. The percentage was significantly higher 
than the percentage of 19.4% participants that indicated prolonged standing as the reason for their 
musculoskeletal pain in another study by Ayanniyi & Udofia (2016). A high percentage of participants 
that reported bending over a patient indicated that they had experienced lower back pain. However, it 
was lower than the 72.4% of surgeons that indicated bending and twisting as the most common cause 
of musculoskeletal pain (Shaker et al., 2020). The lower percentage may be since the undergraduates 
have a shorter duration of exposure to bending over patients than qualified individuals as well as the 
differing scope of practice in the occupations. 
 
5.4.7. Intensity of cell phone/tablet use for personal and university matters 
 
In this study, the intensity of cell phone/tablet use was statistically significant for pain in one or more 
areas of the body in the preceding 12 months. This correlates with the study done by Can & Karaca 
(2019), where students with musculoskeletal pain complaints spent more time on the smartphone and 
computer than students who did not have pain complaints.  
Participants that indicated a very high intensity of cell phone/tablet use experienced pain more 
frequently in the 12 months preceding the questionnaire. This was followed closely by participants that 
indicated a high intensity of cell phone/tablet use reporting pain in the preceding 12 months. These 
percentages correlate with the study done on Canadian university students and staff who use mobile 
devices. The results of which showed that 84% of participants had pain in at least one part of their body, 





For specific body areas, cell phone/tablet use was a significant risk factor for the development of elbow 
pain, with more than half of participants that indicated low to moderate intensity use of a cell phone/tablet 
having experienced elbow pain, followed by participants that indicated high intensity of cell phone/tablet 
use. This correlated with studies that indicated use of smartphones was related to reports of upper 
extremity and neck pain, and the long-term use of a touchscreen smartphone may also contribute to the 
possibility of the development of musculoskeletal symptoms such as chronic neck and shoulder pain 
(Kim, Ahn, Jeon, 2012; Xie, Szetzo, Dai & Madeleine, 2015). 
 
5.4.8. Study location (desk or bed/floor) 
 
A study of university medical and health sciences undergraduates found that the most frequent source 
of neck pain among medical students was extended reading, followed by use of computers and 
extended writing (Yunn, Nadamurni & Wen, 2013). Study location was significant for pain development 
in the neck area, with more than a third of participants having had experienced pain while studying at a 
desk, while more than half experienced pain while studying on the bed or floor. This was similar to a 
study conducted on students where 32.2% of participants used their laptops at a desk, while 56.9% 
used it on the bed. The reported pain was: 20.7% of desk users had pain in at least three areas, while 
26.6% of bed users had pain in at least seven areas of the body (Obembe et al., 2013).  
Participants furthermore reported statistically significant amounts of shoulder pain for the area for the 
study location, with more than a third experiencing pain while studying on the bed or floor, followed by 
studying at a desk. This correlated with the study done by Hasan, Yaqoob, Ali & Siddiqui (2018) that 
showed studying on a bed was found to be meaningfully associated with musculoskeletal pain among 
undergraduate students. The position assumed while studying on the bed will more likely be slouched 
over lower with less support posteriorly from a chair making it an expected correlation to musculoskeletal 
pain. 
 






The number of hours spent working with patients was statistically significant for pain in overall body 
areas in the preceding 12 months. Most participants had indicated working 11 or more hours per week 
with patients and the majority indicated having had experienced pain in the preceding 12 months. In a 
study done on Malaysian medical students, clinical training was shown to be related to musculoskeletal 
pain reporting among students, which may suggest that the condition is aggravated by clinical training 
in hospitals (Alshagga et al., 2013).   
This was also true for neck pain, with nearly half of participants that worked with patients 11 hours or 
more per week having had experienced neck pain, followed by participants that worked 0-10 hours per 
week with patients. It was found in a study done by Morais et al. (2019) that health students of 
intermediate and final semesters had a higher prevalence of back pain compared to students of initial 
semesters. This may be related to students’ increased clinical or care training during these semesters. 
The professional stressor of medical work and work tasks of clinical-year students may be an additive 
consequence upon the musculoskeletal pain prevalence. It is possible, therefore, that improved health-
promoting behaviour among medical students may offer a protecting result against musculoskeletal pain 
at various body sites (Alshagga et al, 2018). As was proven by Dong et al. (2019), increasing work hours 
per week and fewer break times during the workday led to a significant increase in musculoskeletal 
disorders, possibly since extended work hours result in a longer period of sustaining a poor posture, 
higher exposure to strenuous tasks and more repetition. This indicates that long exposures have an 
effect on the career of healthcare professionals and health promotion before injection into the workplace 
may be of great value.   
 
5.4.10. Hours spent per week at home studying  
 
The number of hours spent at home studying was significant for pain in overall body areas in the 12 
months preceding completion of the questionnaire. 88.4% of participants that studied at home for 11-
15 hours per week reported having experienced pain in the preceding 12 months. Most participants 
indicated that they spent 6-10 hours per week studying at home, and of these, 82.8% indicated having 
experienced pain in the preceding 12 months. This was contrary to the research done by Hasan et al. 





can be related to musculoskeletal pain and that the longer hours spent studying and using computers 
by medical students was not significantly related to pain of this group or the non-medical group.  This 
study only focused on a single group thus cannot establish fully if it is singular to health sciences 
students or overall University of Johannesburg student body. A larger scale study will be more indicative 
of this risk factor.   
Hours spent studying was also a risk factor with statistically significant pain in the elbow area of the 
body of participants. 36.4% of participants that spent 11-15 hours studying at home indicated having 
experienced elbow pain, and 27.3% of participants that studied for 16-20 hours per week also 
experienced elbow pain, while the same percentage (27.3%) of participants that studied 6-10 hours per 
week indicated experiencing elbow pain. This correlates with a Jordanian study that indicated that 
studying time at home was significantly associated with musculoskeletal pain at the elbow (Almhdawi 
et al., 2017). 
The number of hours spent studying at home was significant for the development of hand and wrist 
pain, with 34.9% of participants that spent 11-15 hours per week studying at home indicating having 
experienced hand and wrist pain. The location of study was listed as at a desk, on the bed or on the 
floor. Desk-studying participants made up 72.8% of the participants. The position of the participants at 
the desk is dependent on many variables and each will influence the possible expression of 
musculoskeletal pain. 
 
5.4.11. Hours per week working part-time 
 
The number of hours spent working part-time per week was significant for pain in overall body areas in 
the 12 months preceding completion of the questionnaire. 88.5% of participants that worked 21 or more 
hours per week part time indicated having experienced pain in the last 12 months. 76.9% of participants 
that worked part time 0-20 hours per week indicated having experienced pain in the preceding 12 
months. Considering that some of university students do work either full time or part-time, their 
musculoskeletal pain might be aggravated by their job (Ou & Thygerson 2012; Balanay, Adesina, 










6.1.1. Prevalence and demographic factors 
This study was an investigation into the prevalence and risk factors in the development of 
musculoskeletal disorders in Medical Imaging and Radiation Sciences undergraduate students at the 
University of Johannesburg. It was found that there was a prevalence of 89.1% of musculoskeletal pain 
in the participants’ lifetime, with the greatest number of participants experiencing pain in three body 
areas. Lifetime, 12-month and current (at the time of completing the questionnaire) prevalence of lower 
back pain was highest, followed by neck pain for all three categories. The prevalence of pain in the 
preceding 12 months was 77.8%, and most participants experienced pain in one body area. These 
prevalence rates were much higher than the percentages found in Italian radiography students, but 
lower than found in Serbian and Brazilian medical students. 
Gender: Gender was shown to be significant for the development of upper and lower back pain in female 
students.  
Height: Knee pain was affected by the height of the participants, with the mean height with knee pain 
being 1.66 m, while the mean height without pain was 1.62 m. 
Age: The age of participants was significant for the overall pain experienced in the preceding 12 months, 
with an increased age increasing the amount of pain reported. Older participants also experienced 
greater hip and thigh pain. 
Weight: Increased weight was a significant risk factor for elbow pain in participants. 
 
6.1.2. Risk Factors 
Number of hours per week spent in practical classes: A high percentage of participants that indicated 
spending more than 16 hours per week in practical classes had experienced pain in the preceding 12 
months. Neck, shoulder, upper back, lower back, knee, and ankle and foot pain were indicated in a high 





wrist pain were indicated by a fair number of participants that spent 0-5 hours per week in practical 
classes. 
Recreational Sport: Recreational sport, although not widely practiced by this participant group, was a 
significant risk factor for 12-month experience of pain, shoulder pain and lower back pain, knee pain 
and foot and ankle pain by those who did participate. 
Lifting ergonomics: Lifting heavy objects with knees was significant for elbow pain and knee pain in 
participants. 
Year of study: First-year students of this study reported a high percentage of overall body pain in the 
preceding 12 months, while lower back pain was influenced strongly by progression of academic years, 
with fourth-year students having experienced more lower back pain than previous years. 
Hours per week spent sitting in class: 10-20 hours of sitting in class per week was indicated to increase 
the experience of pain in participants in the preceding 12 months. Participants that sat in class for 10-
20 hours per week also had increased experience of lower back pain.  
Posture in practical classes: Lower back pain was influenced by the posture assumed in practical 
classes by participants, most listing prolonged standing as the reason.  
Intensity of cell phone/tablet use for personal and university purposes: Pain in the preceding 12 months 
was experienced by a significant number of participants that indicated a very high intensity of use. It 
was furthermore a risk factor for elbow pain, with low to moderate use increasing the experience of 
elbow pain.  
Study location: Studying on the bed/floor was shown to increase the experience of neck and shoulder 
pain in participants. 
Time spent working with patients: Participants that spent more than 11 hours per week with patients 
had experienced more overall pain in the 12 months preceding completion of the questionnaire. Neck 
pain was also experienced by participants that spent more than 11 hours per week working with patients. 
Hours spent per week at home studying: 6-15 hours spent studying at home affected overall body pain 
experienced in the preceding 12 months. Elbow pain was experienced by a large percentage of 
participants that studied 6-20 hours a week. It was also significant for hand and wrist pain in participants 





Hours per week working part time: More than 21 hours per week spent working part-time affected overall 
pain experienced in the preceding 12 months.  
In conclusion, the study found that the prevalence of musculoskeletal disorders was high and risk factors 
affecting the students were numerous and multifactorial. The most statistically significant risk factor in 
the students was long hours spent in practical classes; longer hours spent in practical classes was 




The following recommendations are hereby made, based on the conclusions above: 
• Education drives on ergonomics for students, with particular attention paid to industry-related risks 
involved for the development of musculoskeletal pain.  
• The possible implementation of more frequent breaks from repetitive tasks and postures within 
learning curricula or alternatively brief stretching or mindfulness breaks focused on problem areas 
earmarked in this study. 
• Student education on proper patient handling and equipment use, especially aimed at future career 
longevity and decrease in common work-related musculoskeletal diseases.  
• Future studies may endeavour to do an in-depth questionnaire aimed specifically at medical 
imaging and radiation sciences.  
• Study on the biomechanical load of students can be done to understand the effects on an 




The limitations of this study stem from the fact that the data was a secondary analysis, thereby limiting 
the question types that the researcher may have had before the data was procured. The Nordic 
musculoskeletal questionnaire does offer a wide spectrum of questions and answer possibilities, but 





Medical Imaging and Radiology Sciences undergraduate students. Students for instance answered 
questions that may not have been relevant to them, like the questions geared towards the chiropractic, 
homeopathy and emergency rescue students who all were researched concurrently with the initial 
research. This probably skewed the results of the musculoskeletal diseases that the students may have 
indicated as being in other sectors of the questionnaire had these questions been omitted. Further 
information about specific equipment used by each course and particulars of time spent in practical 
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Appendix D: Detailed breakdown of participant ages, heights and weights 
Specific ages of all participants are detailed in table below 
Age at last birthday: 
Age (yr.) Frequency (n) Percent (%) 
18 19 7.9 
19 46 19.2 
20 34 14.2 
21 55 23.0 
22 39 16.3 
23 18 7.5 
24 8 3.3 
25 5 2.1 
26 4 1.7 
27 3 1.3 
28 3 1.3 
29 1 0.4 
30 2 0.8 
31 1 0.4 
32 1 0.4 












Height (m) Frequency (n) Percent (%) Valid Percent (%) 
1.20 1 0.4 0.6 
1.30 2 0.8 1.2 
1.37 2 0.8 1.2 
1.40 5 2.1 3.0 
1.45 1 0.4 0.6 
1.47 1 0.4 0.6 
1.50 19 7.9 11.4 
1.52 3 1.3 1.8 
1.53 4 1.7 2.4 
1.54 6 2.5 3.6 
1.55 3 1.3 1.8 
1.56 5 2.1 3.0 
1.57 2 0.8 1.2 
1.58 4 1.7 2.4 
1.59 2 0.8 1.2 
1.60 18 7.5 10.8 
1.61 1 0.4 0.6 
1.62 6 2.5 3.6 
1.63 4 1.7 2.4 
1.64 1 0.4 0.6 
1.65 9 3.8 5.4 
1.66 2 0.8 1.2 
1.67 6 2.5 3.6 
1.68 3 1.3 1.8 
1.69 3 1.3 1.8 
1.70 9 3.8 5.4 
1.72 7 2.9 4.2 
1.73 3 1.3 1.8 
1.74 1 0.4 0.6 
1.75 7 2.9 4.2 
1.76 5 2.1 3.0 
1.77 1 0.4 0.6 
1.78 2 0.8 1.2 
1.79 2 0.8 1.2 
1.80 4 1.7 2.4 
1.81 2 0.8 1.2 
1.83 1 0.4 0.6 
1.84 3 1.3 1.8 
1.85 1 0.4 0.6 
1.86 1 0.4 0.6 
1.87 1 0.4 0.6 
1.89 2 0.8 1.2 
1.90 1 0.4 0.6 
Total 166 69.5 100.0 
Unfilled System 73 30.5 






Specific weight(kg) of participants  
Weight (kg): 
Weight (kg) Frequency (n) Percent (%) Valid Percent 
40 1 0.4 0.5 
42 4 1.7 2.0 
44 1 0.4 0.5 
45 3 1.3 1.5 
46 2 0.8 1.0 
48 1 0.4 0.5 
49 1 0.4 0.5 
50 16 6.7 8.2 
51 2 0.8 1.0 
52 2 0.8 1.0 
53 6 2.5 3.1 
54 6 2.5 3.1 
55 17 7.1 8.7 
56 7 2.9 3.6 
57 4 1.7 2.0 
58 7 2.9 3.6 
59 2 0.8 1.0 
60 5 2.1 2.6 
61 5 2.1 2.6 
62 5 2.1 2.6 
63 2 0.8 1.0 
64 3 1.3 1.5 
65 9 3.8 4.6 
66 4 1.7 2.0 
67 3 1.3 1.5 
68 5 2.1 2.6 
69 3 1.3 1.5 
70 7 2.9 3.6 
71 2 0.8 1.0 
72 6 2.5 3.1 
73 4 1.7 2.0 
74 3 1.3 1.5 
75 8 3.3 4.1 
76 1 0.4 0.5 
77 2 0.8 1.0 
78 6 2.5 3.1 
79 1 0.4 0.5 
80 6 2.5 3.1 





82 2 0.8 1.0 
84 1 0.4 0.5 
85 1 0.4 0.5 
86 3 1.3 1.5 
88 1 0.4 0.5 
89 1 0.4 0.5 
90 2 0.8 1.0 
95 1 0.4 0.5 
96 1 0.4 0.5 
97 1 0.4 0.5 
98 1 0.4 0.5 
100 1 0.4 0.5 
105 1 0.4 0.5 
110 1 0.4 0.5 
113 1 0.4 0.5 
119 1 0.4 0.5 
130 1 0.4 0.5 
135 1 0.4 0.5 
Total 196 82.0 100.0 
Unfilled System 43 18.0 
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